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‘Effective bat conservation depends on research,
particularly ecology, to elucidate fully the relationships
among individual bat species, their environment,
and humans.’
(Racey and Entwistle, 2003)
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Preface
Every study has input and contributions from a range of people.
During this project, I:
• designed the study, in collaboration with my principal supervisor, Andrew
Bennett;
• collected all the data, with assistance from staff of the Arthur Rylah Institute and a
number of volunteers (see Acknowledgments);
• undertook all statistical analyses (with guidance from Andrew Bennett and John
White);
• drafted and revised all manuscripts; and
• took all the photographs included in this thesis, except those taken from the air
that are by John Silins.
As all chapters have been written as manuscripts for publication with Andrew Bennett
as co-author, Andrew has provided significant editorial input on drafts of these
manuscripts, and has contributed to the ideas presented in each component.
The papers resulting from Chapters 4 and 5 are also co-authored by John Silins who
contributed significantly to the data collection for these components.
Two of the chapters of this thesis have been published.
Chapter 4: Lumsden, L.F., Bennett, A.F. and Silins, J.E. (2002). Location of roosts of
the lesser long-eared bat Nyctophilus geoffroyi and Gould's wattled bat
Chalinolobus gouldii in a fragmented landscape in south-eastern Australia.
Biological Conservation 106: 237-249.
Chapter 5: Lumsden, L.F., Bennett, A.F. and Silins, J.E. (2002). Selection of roost
sites by the lesser long-eared bat (Nyctophilus geoffroyi) and Gould's wattled bat
(Chalinolobus gouldii) in south-eastern Australia. Journal of Zoology, London
257: 207-218.
vTwo chapters are in press.
Chapter 3: Lumsden, L.F. and Bennett, A.F. (in press). Scattered trees in rural
landscapes: foraging habitat for insectivorous bats in south-eastern Australia.
Biological Conservation.
Chapter 8: Lumsden, L.F. and Bennett, A.F. (in press). Flexibility and specificity in
roosting ecology of the lesser long-eared bat Nyctophilus geoffroyi: A common
and widespread Australian species.  In Functional and Evolutionary Ecology of
Bats. Akbar, Z., McCracken, G.F. and Kunz, T.H. (Eds.). Oxford University
Press.
I anticipate submitting a further two chapters for publication in the near future.
Chapter 2: Lumsden, L.F. and Bennett, A.F.  Impacts of land-use change and habitat
loss on insectivorous bats in rural landscapes, south-eastern Australia.
Chapter 6: Lumsden, L.F. and Bennett, A.F.  The roosting behaviour of the lesser
long-eared bat Nyctophilus geoffroyi and Gould's wattled bat Chalinolobus
gouldii in south-eastern Australia.
For continuity in the thesis, cross referencing between components of this research
refer to the relevant thesis chapters, rather than to the published papers.
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Abstract
Throughout the world, the increasing use of land for agriculture has been associated
with extensive loss and fragmentation of natural habitats and, frequently, the
degradation of remaining habitats.  The effects of such habitat changes have been well
studied for some faunal groups, but little is known of their consequences for bats.  The
aim of this study was to investigate the ecology and conservation of an assemblage of
insectivorous bats in a rural landscape, with particular focus on their foraging and
roosting requirements.  This increased knowledge will, hopefully, assist the
formulation of policy and management decisions to ensure the long-term survival of
bats in these altered environments.
The distribution and abundance of insectivorous bats in the Northern Plains of
Victoria was investigated to determine the impacts of land-use change and to identify
factors influencing the distribution of bats in rural landscapes.  Thirteen species of
insectivorous bats were recorded across the region by sampling at 184 sites.  Two
species were rare, but the remaining 11 species were widespread and occurred in all
types of remnant wooded vegetation, ranging from large blocks (> 200 ha) to small
isolated remnants (< 5 ha) and scattered trees in cleared farm paddocks.  There was no
significant difference between remnant types in the relative abundance of bat species,
in species richness, or in the composition of bat assemblages at study sites.  In a
subsequent study, no difference in the activity levels of bats was found between
remnants with different tree densities, ranging from densely-vegetated blocks to single
paddock trees.  However, sites in open paddocks devoid of trees differed significantly
from all types of wooded remnants and had significantly lower levels of bat activity
and a different species composition.  In highly cleared and modified landscapes, all
native vegetation has value to bats, even the smallest remnant, roadside and single
paddock tree.
Roost sites are a key habitat requirement for bats and may be a limiting resource in
highly modified environments.  Two species, the lesser long-eared bat Nyctophilus
geoffroyi and Gould’s wattled bat Chalinolobus gouldii, were investigated as a basis
for understanding the capacity of bats to survive in agricultural landscapes.  These
species have different wing morphologies, which may be influential in how they use
the landscape, and anecdotal evidence suggested differences in their roosting ecology.
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Roosting ecology was examined using radio-tracking to locate 376 roosts in two study
areas with contrasting tree cover in northern Victoria.  Both species were highly
selective in the location of their roosts in the landscape, in roost-site selection and in
roosting behaviour, and responded differently to differing levels of availability of
roosts.
The Barmah-Picola study area incorporated remnant vegetation in farmland and an
adjacent extensive floodplain forest (Barmah forest).  Male N. geoffroyi roosted
predominantly within 3 km of their foraging areas in remnants in farmland.  However,
most female N. geoffroyi, and both sexes of C. gouldii, roosted in Barmah forest up to
12 km from their foraging areas in farmland remnants.  These distances were greater
than previously recorded for these species and further than predicted by wing
morphology.  In contrast, in the second study area (Naring) where only small
remnants of wooded vegetation remain in farmland, individuals of both species moved
significantly shorter distances between roost sites and foraging areas.
There were marked inter- and intra-specific differences in the roosts selected.
C. gouldii used similar types of roosts in both areas – predominantly dead spouts in
large, live trees.  N. geoffroyi used a broader range of roost types, especially in the
farmland environment.  Roosts were typically under bark and in fissures, with males
in particular also using anthropogenic structures.  A strong preference was shown by
both sexes for roosts in dead trees, and entrance dimensions of roosts were
consistently narrow (2.5 cm).  In Barmah forest, maternity roosts used by N. geoffroyi
were predominantly in narrow fissures in large-diameter, dead trees, while at Naring
maternity roosts were also found under bark, in buildings, and in small-diameter, live
and dead trees.
The number of roost trees that are required for an individual or colony is influenced
by the frequency with which bats move between roosts, the proportion of roosts that
are re-used, the distance between consecutive roosts, and the size of roosting colonies.
Both species roosted in small colonies and regularly shifted roost sites within a
discrete roost area.  These behavioural traits suggest that a high density of roost sites
is required.  There were marked differences in these aspects of behaviour between
individuals roosting in Barmah forest and in the fragmented rural landscape.  At
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Naring, N. geoffroyi remained in roosts for longer periods and moved greater distances
between consecutive roosts than in Barmah forest.  In contrast, C. gouldii used a
smaller pool of roosts in the farmland environment by re-using roosts more frequently.
Within Barmah forest, there is an extensive area of forest but the density of hollow-
bearing trees is reduced due to timber harvesting and silvicultural practices.
Individuals were selective in the location of their roosting areas, with both species
selecting parts of the forest that contained higher densities of their preferred roost
trees than was generally available in the forest.  In contrast, in farmland at Naring,
where there were small pockets of remnant vegetation with high densities of potential
roost sites surrounded by cleared paddocks with few roosting opportunities, little
selection was shown.  This suggests that in Barmah forest the density of trees with
potential roosts is lower than optimal, while in farmland roosting resources may be
adequate in woodland remnants, but limiting at the landscape scale since more than
95% of the landscape now provides no roosting opportunities.
Insectivorous bats appear to be less severely affected than some other faunal groups
by habitat fragmentation and land-use change.  A highly developed capacity for flight,
the spatial scale at which they move and their ability to cross open areas means that
they can regularly move among multiple landscape elements, rather than depend on
single remnants for all their resources.  In addition, bats forage and roost mainly at
elevated levels in trees and so are less sensitive to degradation of wooded habitats at
ground level.  Although seemingly resilient to habitat fragmentation, insectivorous
bats are fundamentally dependent on trees for roosting and foraging, and so are
vulnerable to habitat loss and ongoing rural tree decline.  Protection of the remaining
large old trees and measures to ensure regeneration to provide ongoing replacement of
hollow-bearing trees through time are critical to ensure the long-term conservation of
bats in rural landscapes.
1CHAPTER 1
Introduction to the ecology and conservation of
insectivorous bats in rural landscapes
White-striped freetail bat  Tadarida australis
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1.1   Introduction
Microchiropteran bats represent approximately 20% of the world’s mammal species
(Hutson et al., 2001).  They are widespread on every continent, except Antarctica, and
are important components of most ecosystems, ranging from tropical forests to arid
shrublands.  They fulfil a range of ecological roles.  In temperate regions, the majority
of species are aerial insectivores and are primary predators of nocturnal invertebrates.
They also play a significant role in nutrient transfer, by distributing their nitrogen-rich
guano widely through the landscape when they defecate in flight, while also
concentrating it around roosting sites (Pierson, 1998).  In the neotropics,
microchiropterans are also involved in the pollination of plants and dispersal of seeds.
Despite their significant contribution to mammalian biodiversity and their role in
ecological systems, microchiropterans are generally under-represented in the
ecological literature, with only a small proportion of the 834 known species being well
studied (Hutson et al., 2001).  This is predominantly due to their small size, volancy,
and nocturnal and cryptic behaviour, all of which provide challenges to researchers
attempting to unravel their ecology and behaviour.  As a consequence, much of the
early ecological work on microchiropterans, both in Australia and around the world,
focussed on cave-dwelling species that could be readily located in their diurnal roosts
(e.g. Twente, 1955; Medway, 1958; Dwyer, 1963, 1966, 1971; Herreid, 1963; Dwyer
and Hamilton-Smith, 1965; Tinkle and Patterson, 1965; Hamilton-Smith, 1966; Daan
and Wichers, 1967).
In recent years, new techniques for studying bats have been developed and existing
methods greatly refined.  Harp traps, originally designed by Constantine (1958) and
modified in Australia by Tidemann and Woodside (1978), with further refinements by
Austbat P/L, Victoria, have greatly increased the capacity of researchers to trap bats
during both broad-scale surveys and targeted studies.  Harp traps are now used
extensively in the temperate forests and woodlands of Australia, and have replaced
mist nets as the main technique for catching bats (e.g. Lumsden et al., 1995; Mills et
al., 1996; Law et al., 1998).  Recent developments in ultrasonic detectors and methods
of analysing bat echolocation calls (e.g. Ahlén and Baagøe, 1999; Corben and
O'Farrell, 1999; O'Farrell et al., 1999; Parsons et al., 2000; Reinhold et al., 2001;
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Russo and Jones, 2002; Gibson and Lumsden, 2003) have provided a non-intrusive
technique whereby large amounts of data can be generated remotely to investigate
habitat preferences, foraging behaviour and activity patterns.  Ultrasonic detectors are
especially valuable in areas without well-defined flight paths, and for studying high,
fast-flying species that are infrequently trapped.  Radio-tracking has in the past been
used to study roosting and foraging behaviour of larger bat species, but the recent
miniaturisation of transmitters (~ 0.5 g) has enabled smaller species to now be tracked
(e.g. Brigham et al., 1997b; Law and Anderson, 2000).  In addition, temperature-
sensitive transmitters are now available for investigations into the use of torpor in
natural situations (e.g. Barclay et al., 1996; Turbill, 1999).
These technological advances have greatly facilitated research on non-cave roosting
species.  In recent years there has been a proliferation throughout the world in the
number of studies that have investigated the roosting ecology of species that use
cavities in trees (e.g. Barclay and Brigham, 1996; Vonhof and Barclay, 1996; Betts,
1998; Rabe et al., 1998; Foster and Kurta, 1999; O'Donnell and Sedgeley, 1999;
Sedgeley and O'Donnell, 1999a; Boonman, 2000; Kerth et al., 2001a; Menzel et al.,
2001; Kurta et al., 2002; Evelyn et al., 2004).  Studies that have investigated the
foraging and habitat preferences of bats have also greatly increased in number (e.g.
Walsh and Harris, 1996a; Crampton and Barclay, 1998; Gaisler et al., 1998; Grindal
and Brigham, 1998; Kalcounis et al., 1999; Law et al., 1999; Murray et al., 1999;
Fellers and Pierson, 2002; Law and Chidel, 2002; Erickson and West, 2003).
Australia has a rich bat fauna, with more than 75 known species (Churchill, 1998),
and this number is likely to increase with further taxonomic resolution.  Ninety taxa
were recognised in the Action Plan for Australian Bats (Duncan et al., 1999), many of
which were sub-species or forms that are considered distinct, and are awaiting formal
description.  Seven families are represented in Australia.  The Pteropodidae contains
the 12 species of fruit bats and flying-foxes (Megachiroptera).  The other six families
are microchiropterans, with approximately half of all Australian species belonging to
the family Vespertilionidae.  In southern Australia, Vespertilionidae and Molossidae
dominate the species assemblage, while in northern Australia there is also a diverse
range of species from the families Pteropodidae, Rhinolophidae, Hipposideridae and
Emballonuridae.  Approximately two-thirds of Australia’s microchiropterans roost in
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tree hollows, with cave-dwelling species more common in northern than in southern
Australia (Churchill, 1998).
Although research on the conservation and ecology of Australian microchiropterans
has increased in the last two decades, our level of knowledge remains considerably
lower than in other areas of the world (e.g. Europe, North America), and there is still
much to be learnt.  For many species, basic biological information, habitat
requirements and distributional patterns are still largely unknown, and for over 90% of
the land mass of Australia there are no, or few, records of bats (Richards and Hall,
1998).  A number of recent studies have, however, started to provide valuable
information on various aspects of the ecology of some non-cave dwelling species:
• distribution patterns (e.g. Parnaby, 1987; Ellis et al., 1989; Walton et al., 1992;
Lumsden, 1994; Lumsden and Bennett, 1995a; Clague et al., 1999; Law and
Anderson, 1999);
• habitat preferences (e.g. McKenzie and Rolfe, 1986; Lumsden et al., 1995; Mills
et al., 1996; Brigham et al., 1997a; Brown et al., 1997; Law et al., 1998, 1999,
2000; Law and Anderson, 1999; Young and Ford, 2000; Law and Chidel, 2002);
• roosting ecology (e.g. Lunney et al., 1985, 1988, 1995; Tidemann and Flavel,
1987; Taylor and Savva, 1988; Dixon and Huxley, 1989; Hosken, 1996; Schulz,
1997, 2000; Schulz and Hannah, 1998; Herr and Klomp, 1999; Law and
Anderson, 2000);
• flight patterns and foraging behaviour (e.g. Fenton, 1982; Thompson and Fenton,
1982; O'Neill and Taylor, 1986; Fullard et al., 1991; Grant, 1991; Hosken et al.,
1994; McKenzie et al., 1995; Bailey and Haythornthwaite, 1998; Barclay et al.,
2000);
• activity patterns (e.g. Tidemann, 1982; Phillips and Inwards, 1985; Taylor and
O'Neill, 1988; Richards, 1989; Taylor and Savva, 1990; Ellis et al., 1991; Brigham
and Geiser, 1998);
• diet (e.g. Vestjens and Hall, 1977; O'Neill and Taylor, 1989; Schulz and Wainer,
1997; Schulz and Hannah, 1998; Law and Urquhart, 2000);
• predation rates (e.g. Young, 1980); and
• conservation and management (e.g. Parnaby, 1991; Richards, 1991; Lumsden and
Bennett, 1995a; Law, 1996; Mills et al., 1997; Richards and Hall, 1998).
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1.2   The impact of land-use change on bats
There are many threats to the conservation of microchiropteran bats throughout the
world (Racey and Entwistle, 2003).  While some species may be threatened by natural
processes, such as cyclones (Gannon and Willig, 1994; Rodríguez-Durán and
Vázquez, 2001), the vast majority of threats are the result of human activities.  These
may be direct threats, such as disturbance to cave roosts, removal of trees used for
roost sites and foraging habitat, or hunting and persecution.  Indirect threats to bats
include predation or competition by introduced species, and secondary poisoning from
pesticides and other pollutants (Pierson, 1998; Racey and Entwistle, 2003).  Human
intervention is required to ameliorate the impact of these threats if we are to ensure the
long-term conservation of our native fauna.  To do this we need a sound information
base on which to formulate policy and management decisions.
One of the major threats to bat populations worldwide is the loss, modification and
fragmentation of natural habitats due to agricultural development (Racey and
Entwistle, 2003).  The temperate woodland ecosystem of southern Australia has been
subjected to extensive habitat loss, with more than 90% of the native vegetation
cleared in the 150 years since European settlement (Robinson and Traill, 1996;
Bennett and Ford, 1997; Driver and Davidson, 2002).  Issues confronting the long-
term conservation of the native fauna in these altered environments have been the
focus of many recent studies.  However, most of this research has focused on birds
(e.g. Loyn, 1987; Lynch and Saunders, 1991; Barrett et al., 1994; Bennett and Ford,
1997; Mac Nally and Bennett, 1997; Ford et al., 2001; Cooper and Walters, 2002;
Fischer and Lindenmayer, 2002a; Watson et al., 2003), or non-volant mammals (e.g.
Bennett, 1990; Arnold et al., 1991; Downes et al., 1997; Deacon and Mac Nally,
1998; Cox et al., 2003; van der Ree and Bennett, 2003).  Reptiles (e.g. Kitchener and
How, 1982; Sarre, 1995; Sarre et al., 1995; Hadden and Westbrooke, 1996) and
invertebrates (e.g. Main, 1987; Majer et al., 1999; Parker and Mac Nally, 2002; Major
et al., 2003) have been investigated to a lesser extent.
There have been few studies of the effects of habitat loss and land-use change on
microchiropteran bats in temperate Australia (Pavey, 1998; Law et al., 1999, 2000),
despite the important ecological role of this group and their contribution to
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mammalian diversity.  For example, in discussions on the role of natural pest
controllers in rural landscapes, the impact that insectivorous birds may have on
depressing insect numbers is well recognised (Ford, 1985; Landsberg et al., 1990;
Reid and Landsberg, 1999), but the role that insectivorous bats may play is rarely
mentioned.
Three main processes affect the habitat available to the native fauna in agricultural
landscapes: habitat loss, habitat fragmentation and habitat degradation (Ford et al.,
2001).  These processes can affect populations by reducing the numbers of
individuals, by isolating small populations and by reducing key habitat resources
(Ford et al., 2001).  How species respond to these processes will influence their ability
to survive in these altered landscapes.
Although habitat loss is often regarded as a component of habitat fragmentation it is
useful to make a distinction between these two processes (Andrén, 1994).  It has been
suggested that the affect of habitat loss far outweighs the affect of habitat
fragmentation (Fahrig, 1997), and the greater the extent of habitat loss the greater this
effect is likely to be.  Simulation models have suggested that extinction risk increases
dramatically once 70-80% of the native habitat in a landscape has been cleared
(Andrén, 1994; Fahrig, 1997).  The threshold of habitat cover at which population
extinction occurs varies between species, depending on each species’ reproductive
output and dispersal capabilities, the configuration of the remaining habitat in the
landscape and the use that each species can make of the matrix surrounding the
remaining habitat (Fahrig, 2001).
For species dependent on native vegetation for their survival, a dramatic reduction in
native vegetation cover, such as has occurred in southern Australia, is likely to have
had a major impact.  For example, Recher (1999) argued that within the wheatbelt
region of south-western Western Australia, where less than 7% of the original native
vegetation remains, species of birds that are dependent on native vegetation would
have declined in abundance by at least 93%.  A similar situation could exist for the bat
fauna, especially for those species that use tree cavities for roosting.  The extent to
which bats will be affected by the loss of roosting habitat when native vegetation is
cleared, will depend on how readily they can use alterative roosts in anthropogenic
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structures.  Species that readily roost in buildings are likely to be less affected than
species that prefer natural cavities.  Many species of bats, especially in the northern
hemisphere, have adapted to roosting in buildings, with some species now
predominantly using these structures (e.g. Kunz, 1982; Thompson, 1992; Entwistle et
al., 1997; Williams and Brittingham, 1997).  However, several studies have suggested
that tree hollows are generally preferred where they are available (Brigham, 1991;
Evelyn et al., 2004; Russo et al., 2004).  Further studies are required in areas where
individuals have access to both natural and anthropogenic roost sites, to investigate
inter-specific differences in the relative use of buildings compared with tree hollows,
and hence the effect of loss of natural roosts.  It has been suggested that species that
can use artificial structures as roosts (e.g. lesser long-eared bat Nyctophilus geoffroyi,
Maddock and Tidemann, 1995) may actually benefit from agricultural and urban
development.  However, for this to be the case, it would need to be demonstrated that
population densities were greater than in the original natural woodlands, that
reproductive success was greater in artificial roosts than in natural cavities and that the
density of potential roosts was comparable in the modified and unmodified
environments.
In addition to affecting the availability of potential roost sites, habitat loss also reduces
the amount of foraging habitat.  A common finding in studies throughout the world is
that overall activity of bats is generally lower over open agricultural pastures than
around remnant native or semi-natural vegetation (Estrada et al., 1993; Ekman and de
Jong, 1996; Walsh and Harris, 1996a; Russ and Montgomery, 2002; Aihartza et al.,
2003).  This pattern will, however, vary between species depending on their preferred
foraging locations.  It is likely that species that forage predominantly around trees will
be affected more severely than species that forage in more open areas, which may
even benefit from clearing.  The composition of bat assemblages is also likely to differ
between natural or semi-natural vegetation and farmland areas.  For example, in the
neotropics, deforestation has resulted in the disappearance of rarer, forest-dependent
species, while generalist species associated with open or edge habitats, have increased
in abundance (Estrada et al., 1993; Brosset et al., 1996; Medellín et al., 2000).
Habitat fragmentation occurs when large blocks of continuous vegetation are partially
cleared leaving a number of smaller blocks that are separated from each other.  This
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results in a reduction in size of the remaining habitat patches, increased isolation
between them and a greater extent of ‘edge’ effects (Bennett, 1999).  In a review of
the effects of fragmentation on birds and mammals in landscapes with differing levels
of availability of habitat, Andrén (1994) suggested that the effects of habitat
fragmentation may not occur until the area has been reduced to less than 30% of its
original habitat cover.  Below this level, habitat fragmentation compounds the impacts
of habitat loss.  Habitat fragmentation will affect species of bats if they are influenced
by the size or shape of habitat patches, or by processes occurring at habitat edges, and
will depend on the distances that bat species are prepared to fly over open areas to
reach suitable habitat.
The ability of bats to persist in fragmented landscapes will depend on a number of
ecological traits, including the degree of habitat and dietary specialisation, movement
patterns and the ability to cross or use areas of unsuitable habitat (Racey and
Entwistle, 2003).  For some faunal groups, the level of connectivity between suitable
habitats is a key factor in mitigating the effects of habitat fragmentation (Bennett,
1999).  Due to their ability to fly, it is predicted that bats will be less affected by a lack
of structural continuity than would some terrestrial or arboreal mammals that require
continuous vegetation to move through the landscape (e.g. Bright et al., 1994;
Bennett, 1990; van der Ree and Bennett, 2003).  However, in areas where the
landscape is highly fragmented, the proximity of roost sites to foraging areas may be
important due to the energetic cost of commuting long distances.
Habitat degradation occurs where there has been a reduction in the quality of the
habitat, irrespective of its extent or configuration.  This process affects both of the key
habitat requirements of bats: roosts and foraging areas.  The density and quality of
potential roost sites is reduced in areas subject to tree removal, such as during
commercial timber harvesting.  How this affects various species of bats is likely to
depend on the types of roosts they select and how readily they make use of less-
optimal roosts (e.g. in smaller trees) if preferred roost trees are not available.  A lack
of tree regeneration in intensively managed agricultural landscapes, such as due to
stock grazing, has serious long-term implications for the provision of roost trees into
the future (Bennett et al., 1994).  Habitat degradation may also affect foraging
resources for bats, if food availability is reduced or if the structure of the foraging
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space available to bats becomes less suitable.  For example, logging or grazing may
create a more open vegetation structure which may negatively affect species that
prefer to forage in denser vegetation, or dense regeneration in the early years after
logging may preclude species that require more open spaces to forage.
1.3   The Northern Plains of Victoria and its bat fauna
The study area selected to examine the ecological requirements of bats in rural
landscapes for this research was the Northern Plains of Victoria (Fig. 1.1).  This
region has been extensively cleared during the 150 years since European settlement
(Bennett and Ford, 1997), with less than 5% of the native vegetation now remaining.
It is used intensively for agricultural purposes, primarily cropping and grazing.  Native
vegetation occurs predominantly as small remnants in farm paddocks, narrow strips
along creeklines and roads, and as isolated trees scattered through the otherwise
cleared landscape.  The few large areas of native vegetation that remain occur
primarily along the main rivers and associated floodplains (Fig. 1.1).
Of the twenty-one species of microchiropterans known from Victoria, 13 have been
recorded from the Northern Plains (Table 1.1).  Most Victorian species belong to the
families Vespertilionidae and Molossidae, with single representatives of the
Emballonuridae and Rhinolophidae.  The majority of species that occur in Victoria are
considered to be common and widespread with only three species listed as threatened:
two cave-dwelling species (common bent-wing bat Miniopterus schreibersii and
eastern horseshoe bat Rhinolophus megaphyllus); and the rare greater long-eared bat
Nyctophilus timoriensis (Table 1.1).  A fourth species, southern myotis Myotis
macropus, is listed as near threatened (Plate 1.1).  There are only two obligate cave-
dwelling species in Victoria (M. schreibersii and R. megaphyllus), neither of which
occur in the Northern Plains due to a lack of suitable underground structures.  The
majority of Victoria’s species (86%) roost in tree-holes or the equivalent, and one
species (M. macropus) roosts in both tree-holes and caves (Menkhorst, 1995).  The
low proportion of species that use underground sites is in contrast with many other
temperate areas of the world.  For example, in North America, 62% of the 45 bat
species regularly roost in caves or mines, with most other species using these sites
occasionally (Pierson, 1998).
Fig. 1.1.  The Northern Plains of Victoria (delineated by the dotted line), with the study locations used in the chapters of this thesis
indicated.  The sites used in Chapter 2 were distributed throughout the whole area.  The larger blocks of remnant native vegetation are
represented by the shaded areas.
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Table 1.1.  The species of bats recorded from Victoria and those known from the
Northern Plains region.  The roosting preferences and threatened status of species in
Victoria are also shown.  Roost types: C – caves and mines; T – tree cavities and to a
lesser extent buildings.  Threatened status is based on IUCN categories: Vul –
Vulnerable; LR(nt) – Lower Risk (near threatened) (Department of Sustainability and
Environment, Advisory List of Threatened Vertebrate Fauna in Victoria, 2003).
Species Scientific name Occurs
in NP
Roost
type
Threatened
Status
Emballonuridae
  Yellow-bellied sheathtail bat Saccolaimus flaviventris T
Rhinolophidae
  Eastern horseshoe bat Rhinolophus megaphyllus C Vul
Molossidae
  White-striped freetail bat Tadarida australis NP T
  Eastern freetail bat Mormopterus sp. (sp. 2) 1 NP T
  Inland freetail bat Mormopterus sp. (sp. 3) 1 T
  Southern freetail bat Mormopterus sp. (sp. 4) 1 NP T
Vespertilionidae
  Gould’s wattled bat Chalinolobus gouldii NP T
  Chocolate wattled bat Chalinolobus morio NP T
  Eastern false pipistrelle Falsistrellus tasmaniensis T
  Common bent-wing bat Miniopterus schreibersii C Vul 2
  Southern myotis Myotis macropus NP C & T LR(nt)
  Lesser long-eared bat Nyctophilus geoffroyi NP T
  Gould’s long-eared bat Nyctophilus gouldi NP T
  Greater long-eared bat Nyctophilus timoriensis NP T Vul
  Inland broad-nosed bat Scotorepens balstoni NP T
  Little broad-nosed bat Scotorepens greyii T
  Eastern broad-nosed bat Scotorepens orion T
  Inland forest bat Vespadelus baverstocki T
  Large forest bat Vespadelus darlingtoni NP T
  Southern forest bat Vespadelus regulus NP T
  Little forest bat Vespadelus vulturnus NP T
1  Adams et al. (1988) identified six genetically distinct forms of this genus, three of
which occur in Victoria.  These forms are recognised as distinct species and are
awaiting formal description.
2  the subspecies Miniopterus schreibersii bassanii is listed as Endangered.
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Plate 1.1.  The southern myotis Myotis macropus, a habitat specialist that forages
directly over water, is restricted in the Northern Plains of Victoria to areas with
permanent water bodies.
Although historical records are limited, there is no evidence that any species of bat has
become extinct in Victoria (Lumsden et al., 1995).  In contrast, there have been a
number of extinctions of ground-dwelling mammal species since European settlement
(Menkhorst, 1995), and concerns have been expressed that woodland birds are
currently in decline and may be experiencing the next wave of extinctions (Recher,
1999, 2002; Ford et al., 2001).  However, little is known of the distribution,
abundance or habitat requirements of bats, to fully assess their current status.  As the
extent of habitat loss, fragmentation and degradation has been most severe in
agricultural landscapes, these environments provide a useful framework in which to
investigate the impact on bats of such land-use change.  An understanding of the
ecological requirements of bats, in particular their foraging and roosting ecology, is
needed to develop appropriate conservation polices and management actions to ensure
the long-term future of this important faunal group (Racey and Entwistle, 2003).
Chapter 1 - Introduction
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1.4   Objectives and thesis structure
The overall aim of this thesis is to investigate the ecology and conservation of an
assemblage of insectivorous bats in rural landscapes, with particular focus on their
foraging and roosting requirements.  Specific objectives are:
1. to investigate the composition and status of bats in rural environments of northern
Victoria, and their distribution in relation to climatic variation, the pattern of
remnant vegetation, and the availability of invertebrate prey;
2. to investigate aspects of the roosting ecology (i.e. the location of roost sites in the
landscape, roost site selection and roosting behaviour) of two species of bat typical
of these environments, the lesser long-eared bat Nyctophilus geoffroyi and Gould’s
wattled bat Chalinolobus gouldii;
3. to compare the roosting ecology of these species in contrasting environments – an
extensive forested area and a farmland environment comprising small remnants of
vegetation – to investigate the influence of differing levels of roost availability on
roosting ecology; and
4. to review the roosting ecology of N. geoffroyi throughout its Australian range to
gain a better understanding of the key influences on roost selection.
The thesis consists of nine chapters (Fig. 1.2), of which six (Chapters 2-7) contain the
results of field investigations and one is a review chapter (Chapter 8).  These chapters
have been written as manuscripts ready for publication.  Consequently, they contain
separate introduction, methods, results and discussion sections.  To reduce the amount
of repetition, a single abstract, bibliography and acknowledgment section is presented.
The first two data chapters investigate the foraging resources provided by remnant
vegetation in farmland.  Chapter 2 presents the results of a broadscale survey of the
bat fauna of the Northern Plains of Victoria to provide baseline data on the pattern of
distribution and abundance of bats in a range of types and sizes of remnant vegetation.
A number of site, landscape, climate and prey availability variables were investigated
to identify factors that influence the distribution of species across the landscape.  A
surprising result of this study was the extensive use by bats of scattered trees in
Chapter 1 - Introduction
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Fig. 1.2.  The outline of this thesis, with the chapter numbers given in brackets.
Introduction to the ecology and
conservation of insectivorous bats
in rural landscapes (Ch 1)
Foraging resources Roosting ecology
Impact of land-use
change
(Ch 2)
Foraging habitat
provided by
scattered trees
(Ch 3)
Location of
roost sites
(Ch 4)
Roost site
selection
(Ch 5)
Roosting
behaviour
(Ch 6)
Comparison of roosting
ecology in two areas with
differing levels of roosting
resources (Ch 7)
Review of the roosting
ecology of Nyctophilus
geoffroyi (Ch 8)
Synthesis and
implications for
conservation (Ch 9)
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farmland.  Despite legislated clearance controls, these trees continue to be lost from
the rural landscape due to clearing, dieback and senescence.  To further investigate
this aspect and to provide data for policy and management decisions, the relationship
between bat activity and tree density, and the impact of the incremental decline in
these trees was examined (Chapter 3).
The next five chapters focus on the roosting ecology of two common and widespread
species – N. geoffroyi and C. gouldii – in the rural landscape.  These two species were
selected because they have different wing morphologies, which may influence how
they use the landscape, and anecdotal evidence suggested differences in their roosting
ecology.  The approach taken in this study was to examine two species in detail to
enable inter- and intra-specific variation to be investigated, rather than study more
species less thoroughly.  The first three chapters result from a study located in
farmland and an adjacent floodplain forest.  Although the bats foraged extensively in
remnant vegetation in farmland, most individuals roosted within the extensive
floodplain forest.  Chapter 4 presents an analysis of the location of roosts within the
landscape.  Patterns of inter- and intra-specific roost tree selection are presented in
Chapter 5.  The roosting behaviour of individuals is then examined in Chapter 6,
including colony size, roost site fidelity and use of roost areas.
A comparative study of roosting ecology was subsequently conducted in a nearby
farmland area that was distant from any extensive forests, to investigate the potential
influence of a lower availability of roosts on roost site selection and roosting
behaviour (Chapter 7).  To investigate key influences on roost selection, Chapter 8
presents a review of the roosting ecology of N. geoffroyi throughout Australia,
identifying characteristics for which there is a high level of specificity and those for
which roost use appears more flexible.
The thesis concludes with a general discussion (Chapter 9), that synthesises the
findings of this study and discusses implications for the conservation and long-term
survival of insectivorous bats in rural landscapes.
The locations of study areas used in this thesis are shown in Fig. 1.1.
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CHAPTER 2
Impacts of land-use change and habitat loss
on insectivorous bats in rural landscapes of the
Northern Plains of Victoria
Remnant vegetation in a rural environment in northern Victoria, showing roadside
vegetation, small blocks and scattered trees (Photo John Silins)
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2.1   Introduction
Loss of natural or semi-natural habitats and the introduction of new land uses have
had profound impacts on faunal assemblages in countries throughout the world.  Such
impacts on the native fauna have been particularly pronounced in agricultural
environments because of the extent of habitat loss that has occurred and the intensity
of new land uses that have been imposed (e.g. Burel, 1989; Harris and Woollard,
1990; Warkentin et al., 1995; Fuller et al., 1997).  In addition, changes in the quality
of remaining natural habitats (e.g. Daily et al., 2001; Ford et al., 2001), and their
pattern in the landscape (Fitzgibbon, 1993; Bellamy et al., 1998; Luck, 2003; Radford
and Bennett, in press) also influence the status of the fauna.  The capacity of species to
persist in rural landscapes varies greatly and is influenced by the degree of
dependence of different taxa on natural habitats for resources, such as for foraging and
breeding, and by their ability to use modified habitats or new land uses that occur in
the environment.
A number of studies have documented the effects of habitat fragmentation and land-
use change on assemblages of mammals in agricultural environments (e.g. Kitchener
et al., 1980; Bennett, 1990; da Fonseca and Robinson, 1990; Laurance, 1991; Downes
et al., 1997; Cox et al., 2003), or on the ecology of single species (e.g. Henderson
et al., 1985; Bright et al., 1994; van der Ree and Bennett, 2003), but most of these
studies have been restricted to non-flying species.  There have been relatively few
studies of the effects of land use on bats, particularly for the insectivorous bat fauna
(e.g. de Jong, 1995; Walsh and Harris, 1996b; Verboom and Huitema, 1997; Law
et al., 1999, 2000).  This group warrants greater attention for several reasons.  First,
insectivorous bats often comprise a large (but frequently overlooked) proportion of the
mammalian fauna in a particular locality.  Second, because of their mobility it is likely
that they respond to land-use change in different ways to terrestrial mammal species.
Third, due to their diet and potential to consume large quantities of insects (Kurta
et al., 1990; McCracken, 1996), bats may have an important role in the functioning of
agro-ecosystems, such as influencing the health of trees remaining in farmland
environments.
Chapter 2 – Impact of land-use change
18
In this study, the distribution and status of the insectivorous bat fauna in an
extensively cleared, rural region in northern Victoria was examined.  The composition
of the bat fauna in this region was reported previously by Lumsden et al. (1995).
Here, factors that potentially influence the distribution and abundance of individual
bat species and the overall assemblage are examined.  These factors include the type
of remnant vegetation, the availability of prey, nightly weather conditions, regional
climatic gradient and the context of study sites in the rural landscape.  This study is
directed toward habitats used by bats during nightly foraging activities.  Roost sites
are also of critical importance to the conservation of bats in rural landscapes.  Aspects
of the roosting ecology of insectivorous bats in this region have been examined in
concurrent studies (Chapters 4-7).
2.2   Methods
2.2.1   Study area
The Northern Plains of Victoria (also called the Riverina Bioregion) extends from the
inland side of the Great Dividing Range to the Murray River (Fig. 2.1).  This area
consists of generally flat alluvial plains, with a few outlying uplands (Jenkin, 1982).
The climate ranges from temperate to semi-arid, with mean annual rainfall declining
along an east-west gradient from approximately 700 mm per annum in the east to less
than 400 mm per annum in the north-west (Land Conservation Council, 1983).
Summers are hot and winters are mild (e.g. mean daily maximum temperature at
Echuca is 31.2oC in January, and 13.4oC in June) (Land Conservation Council, 1983).
This region has been cleared extensively for agricultural production, with more than
90% of the native vegetation removed.  The remaining large tracts of woodland (> 200
ha) are on public land associated with the major river systems (Murray, Goulburn and
Ovens Rivers) or on outlying uplands.  The privately-owned farmland, which occupies
91% of the region (Bennett and Ford, 1997), is used predominantly for grazing sheep
and cattle, and cropping.  Dairy farming and fruit growing occur in irrigated areas
close to river systems.  Within farmland less than 2% tree cover generally remains,
occurring primarily as small remnants or scattered trees in paddocks, or as linear strips
along roads and streams (Bennett and Ford, 1997).
Fig. 2.1.  The Northern Plains study area, Victoria.  Shaded areas represent the major blocks of remnant native vegetation.  Smaller remnants,
narrow linear strips of vegetation and scattered trees are not visible at this scale.  Rainfall isohyets are shown by lines.  Closed circles indicate study
sites.  Due to the close proximity of some sites, not all sites are shown.
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Six main forest types, based on the occurrence of the dominant tree species, can be
recognised within the remaining natural vegetation:
1. River Red Gum Woodland, dominated by river red gum Eucalyptus
camaldulensis, occurs throughout the study area, predominantly along streams and in
sites that are seasonally inundated.
2. Black Box Woodland, dominated by black box E. largiflorens, occurs
predominantly in the drier north-west of the region, on sites where inundation occurs
infrequently.
3. Grey Box Woodland is dominated by grey box E. microcarpa, either in pure
stands or with minor occurrences of E. camaldulensis, E. largiflorens, yellow box
E. melliodora or buloke Allocasuarina luehmanni, usually with a grassy understorey.
4. Mixed Species Woodland typically includes E. microcarpa in association with red
box E. polyanthemos and red stringybark E. macrorhyncha.  These woodlands occur
on gravelly substrates and typically have a shrubby, rather than grassy, understorey.
5. Yellow Box Woodlands are dominated by E. melliodora, and occur mainly on
sandy soils of the alluvial plains.
6. Cypress-pine Woodlands are dominated by white cypress-pine Callitris
glaucophylla, often with either E. microcarpa or E. melliodora also present.
2.2.2   Site selection
Sampling for bats was undertaken at 184 sites widely distributed across the Northern
Plains.  Sites were selected to represent the range of types of remnant vegetation that
occur, and were stratified across the study area in relation to rainfall zones (Fig. 2.1)
and the amount of vegetation cover in the surrounding landscape.  Sites ranged in
elevation from 80-220 m.  The types of remnant vegetation recognised were four size-
categories of blocks (ranging in size from > 200 ha to < 5 ha); scattered trees (widely-
spaced trees in farm paddocks, including single, isolated trees); roadside vegetation;
narrow streamside vegetation (< 50 m wide); wide streamside vegetation (> 50 m
wide); and open paddocks devoid of trees.  The number of sites sampled in each
category is provided in Table 2.1.
Sites were selected initially using aerial photographs and maps, and then ground-
truthed in the field.  This reduced bias in site selection and ensured that sites were
representative of the range in vegetation structure and management regimes (Bennett
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et al., 1994).  All sampling for bats occurred at point localities within a 1 ha site,
irrespective of the size of the remnant.  Thus, the data represent the occurrence of bat
species at sites in different landscape contexts, rather than the richness or abundance
of bat species for the whole block in which the site was located.
Table 2.1.  The number of sites sampled by using harp traps and bat detectors in
each of nine categories of remnant vegetation across the Northern Plains of
Victoria.
Remnant type No. sites
trapped
No. sites
detectors
B4 Blocks > 200 ha 34 37
B3 Blocks 30-200 ha 9 11
B2 Blocks 5-30 ha 25 26
B1 Blocks < 5 ha 15 17
SC Scattered trees 9 10
R Roadside vegetation 8 35
SN Narrow streamsides 10 14
SW Wide streamsides 21 24
OP Open paddocks 0 10
Total 131 184
2.2.3   Bat sampling techniques
Bats were sampled by two techniques: trapping and recording echolocation calls.
Twelve sites were sampled each night by bat detectors, with eight of these sites also
sampled by harp traps.  The study was conducted within a three-month period (late
January – early April 1992) to minimise seasonal variation, and was undertaken after
the young had commenced flying to reduce natural population fluctuations.  A range
of remnant types was sampled each night to reduce any bias due to nightly weather
conditions.
One harp trap (Austbat, Lower Plenty, Victoria, modified from Tidemann and
Woodside, 1978), was set for two consecutive nights at a subset of sites (Table 2.1).
Traps were set in potential flight paths, between or around trees.  Water bodies were
avoided, except where they were an integral component of the type of remnant (i.e.
streamside vegetation), to avoid the bias of individuals using the site solely for
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drinking.  Trapped individuals were identified to species, except for female freetail
bats (Mormopterus spp.).  There are two genetically distinct forms of this genus in this
region (Adams et al., 1988), yet to be formally described.  Males were distinguished
on penis length, but females could not be reliably identified from external examination
and were combined as freetail bat (females) Mormopterus sp.  The two taxa are
referred to as southern freetail bat Mormopterus sp. (southern) (species 4 in Adams et
al., 1988) (Plate 2.1) and eastern freetail bat Mormopterus sp. (eastern) (species 2 in
Adams et al., 1988) (Plate 2.2).  The sex and age of all individuals were recorded to
investigate intra-specific patterns of distribution.  Individuals were classified as adults
or subadults (recently independent young of the year).   Subadults were recognised by
the incomplete ossification of their finger joints.  Individuals were held separately for
several hours before release to collect faecal samples for a concurrent diet study
(Lumsden and Wainer, unpublished data).  Individuals were not marked, and therefore
the data presented are based on total captures over the two nights of sampling, rather
than the total number of individuals.
Plate 2.1.  Male southern freetail bats Mormopterus sp. (southern) can be
recognised by their long (10 mm) penis.
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Plate 2.2.  Males of the eastern freetail bat Mormopterus sp. (eastern) have a
short (3 mm) penis.
Ultrasonic echolocation calls were recorded using an inexpensive broadband bat
detector (Parnaby et al., 1992) developed by the (then) Department of Conservation
and Environment in Melbourne, Victoria.  This system pre-dated the widespread use
of Anabat detectors in Australia.  The ultrasonic transducer was sensitive within the
range of 10-80 kHz.  Calls were downloaded to a cassette recorder running
continuously.  The detectors were programmed to commence recording 20 minutes
after official sunset and ran for 45 minutes.  The tape was then turned over and the
system set to recommence 3 hrs after the start of the first recording, for a further 45
minutes.  This resulted in 1.5 hours of sampling per night.  Each site was sampled on
two consecutive nights.  The detectors were positioned 1 m above the ground with the
microphone directed vertically upwards.  Detectors were positioned in small natural
openings in the forest.  While attending the detector at night, I recorded any time I
heard the distinctive audible echolocation call of the white-striped freetail bat
Tadarida australis.
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The number of bat passes (i.e. multiple echolocation pulses) per tape was determined
by using a specifically designed analyser (R. Meggs, pers. comm.).  This system used
a Spurious Signal Filter to discriminate bat calls from other ultrasonic environmental
noise and the detector’s 40 kHz calibration tone.  The number of passes was recorded
on LCD counters, as well as graphically on a paper chart strip recorder.
The number of passes in the two 45-minute periods were combined and the mean
number of calls over the two nights of sampling at each site was calculated.  The
detector system was in a developmental phase and, subsequent to sampling, it became
apparent that the quality of the recordings was too poor to confidently identify calls to
species level.  Therefore, in this chapter the mean number of passes recorded during
1.5 hours of sampling per night is used as an index of overall bat activity.  No
distinction is made between foraging and commuting individuals.
Sampling was conducted only on nights that, during the detector sampling period,
were mild (> 13oC), rain-free and without strong winds.  Moon phases were recorded
using five categories (no moon; ¼ moon; ½ moon; ¾ moon; full moon).  Weather
variables (temperature, wind, rain and moon) were recorded at the start of each 45-
minute detector sampling period, and for the overnight conditions, as well as the
maximum temperature of the preceding day.  Wind was classified into four categories
(no wind; light breeze; moderate; strong).  Rain was assessed in three categories (no
rain; light rain; heavy rain).  To investigate the influence of weather variables on bat
activity, the two 45-minute sampling periods each night were analysed separately, as
weather conditions were available for each period.  Hence, this data are presented as
passes/45-minute sampling period, whereas all other data is presented as passes/1.5 hr.
2.2.4   Arthropod sampling
Light traps were set at each site to assess the availability of potential prey.  These
traps comprised a 20 l bucket with a white reflective cone leading to a jar of 70%
alcohol.  Photosensitive nocturnal, flying arthropods were attracted by a 12 V
fluorescent light with dual tubes (a white and an ultraviolet black light), positioned
inside the cone.  Light traps were operated from dusk until dawn for two nights in
conjunction with the harp traps and detectors.  They were set on the ground, in gaps
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between trees, positioned at least 30 m from the detector to reduce possible bias in the
detector data when bats were attracted to insects above the light.
Arthropods were sorted to ordinal level and into size-class categories based on body
length (0.1-2.0 mm, 2.1-4.0, 4.1-6.0, 6.1-10.0, 10.1-14.0, 14.1-18.0, 18.1-24.0,
24.1-30.0, 30.1-36.0, 36.1-44.0, > 44.0 mm).  The mean number of arthropods from
the two nights of sampling at each site was calculated.  Biomass was calculated using
a generalised relationship for arthropods (Rogers et al., 1976): W = 0.0305 L2.62,
where W is dry mass in mg and L is length in mm.  Only arthropods within the size
range 1-24 mm were included as this represents the size range of dietary items
consumed in the concurrent diet study (Lumsden and Wainer, unpublished data;
Chapter 3).  To examine the relationship between the activity of each bat species and
the abundance of its potential prey items, the dominant sizes of the dominant prey
types found to be consumed by that species were used.
2.2.5   Site, landscape and climatic variables
Sites were assigned to one of the nine remnant types (Table 2.1), and to one of the six
forest types based on canopy species composition.  At each site, the number of trees in
three size-class categories (10-30 cm, 31-70 cm and > 70 cm diameter at breast height
[DBH]) were counted within a 1 ha area, with each tree assessed for obvious hollows
(Bennett et al., 1994).  The number of saplings (canopy species < 10 cm DBH) and
shrubs were also recorded, and a mean tree height estimated.  Grazing history was
assigned to one of five categories (not known to have occurred for many years; known
from past > 3 years; recent < 3 years, not presently; current or very recent, low
intensity; current, intensive, part of farm paddock).  Fire history was assessed but not
included in the analysis because it is not a dominant feature in these landscapes.
A range of landscape variables was measured, of which four were used to represent
fragmentation and isolation: area of native vegetation within a 500 m and 2 km radius
of the site, and the distance (from the edge of the block in which the site was located)
to a remnant block > 10 ha and > 200 ha in size, respectively.  These variables were
measured for each site from aerial photographs.
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Climatic variables were calculated for each site using the program BIOCLIM (Busby,
1991).  Nine temperature and ten rainfall parameters were recorded.  These were
highly inter-correlated, and so three key parameters were selected to represent climatic
variation: mean annual temperature, annual temperature range and mean annual
rainfall.
2.2.6   Analysis
Data were analysed using SPSS for Windows (Version 11.0).  Mean values are
presented ± SE.  Log10 transformations were used for data that were not normally
distributed, and parametric tests used where possible.  When data could not be
normalised, non-parametric tests were employed.  One-way ANOVAs were
undertaken to investigate differences among remnant vegetation categories in the
number of bats trapped and the number of detector passes recorded.  Where significant
differences were found, post-hoc tests were undertaken and homogeneous subsets
were identified for which means within groups were not significantly different
(Student-Newman-Kuels [SNK] tests).  Spearman rank correlations were used to
investigate relationships between bat activity and prey availability.
Non-metric multi-dimensional scaling (MDS) (Quinn and Keough, 2002) was used to
investigate the structure of assemblages within remnant vegetation categories, based
on the species richness and abundance of trapped bats.  The Bray-Curtis similarity
measure was used to create a matrix of similarities between categories as the basis for
the ordination.  Analysis of similarity (ANOSIM) was used to investigate differences
in the composition of assemblages of bats between categories of remnant vegetation.
MDS and ANOSIM analyses were conducted using Primer 5 for Windows (Version
5.2.4).
Logistic regression models were developed for each species to identify factors that
influenced the occurrence of bats at study sites, based on presence/absence data from
the two nights of trapping at each site.  An initial correlation matrix revealed high
levels of collinearity between the site, landscape and climatic variables.
Consequently, principal components analysis was conducted on variables within each
of these categories to reduce the variables to a smaller number of uncorrelated
principal components.  Log transformations were used for variables where they
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resulted in improved linearity.  Components with eigenvalues > 1 were then used for
developing logistic regression models.
Model fitting followed a two-step process.  First, to account for variability in weather
at the time of trapping, weather conditions were modelled separately and variables
found to be significant predictors were forced into the logistic regression model.  A
mean value for the nightly temperature at dusk was used, and where wind, rain or
moon varied within and between the two sampling periods, the most representative
value was used.  Wind, rain and moon were collected as ordinal data, but were treated
as continuous values in the model to reduce the number of categoric variables.
The second step in modelling involved fitting the site, landscape and regional climatic
variables using a forward stepwise (likelihood ratio) selection procedure.  The
resulting models were checked for adequacy using a number of diagnostic tools
(Quinn and Keough, 2002).  The Hosmer-Lemeshow test examined the goodness of fit
of each model.  Cook’s D statistic was used to investigate outliers or influential points.
Standardised residuals were checked, and where there were values greater than 2 (or
less than -2) the model was re-run excluding these sites, to examine their influence on
the parameter estimate and standard error.  The amount of variance explained by the
final model was determined by the Nagelkerke R2 statistic, and the correct
classification rate scored the percentage of sites at which the species was correctly
predicted as present or absent, respectively.
2.3   Results
There were 1349 captures of 13 species of bats during this study, and 59,098 bat
passes recorded by bat detectors.  Two species, the greater long-eared bat Nyctophilus
timoriensis and southern myotis Myotis macropus, were represented only by single
captures.  Tadarida australis, a high-flying species infrequently trapped in harp traps,
was caught 14 times.  Four species dominated the trapping data, together comprising
75% of captures: little forest bat Vespadelus vulturnus, Gould’s wattled bat
Chalinolobus gouldii, lesser long-eared bat Nyctophilus geoffroyi and chocolate
wattled bat C. morio (refer Fig. 2.3).
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2.3.1   Activity of bats in relation to remnant vegetation categories and
forest types
Bats were common throughout all types of remnant vegetation.  Capture rates were
highest in B1 blocks (< 5 ha) (8.3 ± 3.1 captures/night), and lowest in B3 blocks
(30-200 ha) and narrow streamsides (3.6 ± 2.5 and 3.6 ± 1.7 captures/night,
respectively; Fig. 2.2).  There was, however, no significant difference between
remnant types in the total number of captures (F7,123 = 0.634, p = 0.727).  Capture
rates in the more sparsely vegetated sites (i.e. scattered trees, roadsides), were similar
to those in the larger and more densely vegetated blocks.  With the exception of the
two rarely caught species, all other species were widespread throughout the remnant
categories (Fig. 2.3).  There was no significant difference in capture rate between
categories for any species (Kruskal-Wallis test, H < 13.017, df = 7, p > 0.072 for all
species).  There was also no significant difference between remnant vegetation
categories in species richness of bats trapped (F7,123 = 0.349, p = 0.930; Fig. 2.2).
There were significantly more adult males than adult females caught for four species:
Mormopterus sp. (both forms combined), C. gouldii, C. morio and V. vulturnus (Table
2.2).  This pattern was most extreme for Mormopterus sp., where 84% of adults
caught were males.  Sex ratios did not differ significantly for the remaining six
species.  The pattern of distribution of the sexes was consistent across the landscape
for most species, with no significant differences between remnant types in the
proportion of adults that were males (χ2 tests, p > 0.05).  For two species, however,
there were differences: C. morio (χ2 = 28.909, p < 0.001) for which more females
were recorded in roadside vegetation and fewer in B2 (5-30 ha) blocks than expected;
and V. vulturnus (χ2 = 20.899, p = 0.004) with more females than expected recorded in
narrow streamside vegetation, but fewer than expected in wide streamsides and
roadsides.
The results from the detector surveys showed some differences from trapping results.
The highest level of activity recorded by detectors was in narrow streamsides,
followed by wide streamsides and B3 (30-200 ha) blocks (Fig. 2.2).  The lowest level
of activity of any of the wooded categories was in the largest blocks (> 200 ha).  There
was a significant difference between remnant types in the number of bat passes
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Fig. 2.2.  The mean (± SE) trapping success (captures per night), species richness
(from trapping) and number of detector passes per site for each remnant type.
See Table 2.1 for the key to remnant types.
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Fig. 2.3.  The mean (± SE) trapping success (captures per night) of each species in
relation to remnant types (see Table 2.1 for key to abbreviations).  n = the number
of captures.  Mormopterus sp. females and the two species with only a single capture
(Myotis macropus and Nyctophilus timoriensis) are not shown.  Note that the scale
varies between species.
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Fig. 2.3 (Cont’d).  The mean (± SE) trapping success (captures per night) of each
species in relation to remnant types (see Table 2.1 for key to abbreviations).
Table 2.2.  Sex ratios of adult bats trapped in the Northern Plains, Victoria.
Figures are the percentages of adults caught that were males, with the total number of
adults caught in parentheses.  The males of the two forms of Mormopterus are
combined to compare with female Mormopterus.  Significant differences are
highlighted in bold.
Species Sex ratio
% males (n) χ2 p
White-striped freetail bat Tadarida australis    25.0  (12)      3.000     0.083
Freetail bats Mormopterus sp.    83.6  (128)    57.781  < 0.001
Gould’s wattled bat Chalinolobus gouldii    63.6  (231)    17.182  < 0.001
Chocolate wattled bat Chalinolobus morio    57.8  (166)      4.072     0.044
Southern myotis Myotis macropus         0  (1)       -
Lesser long-eared bat Nyctophilus geoffroyi    52.7  (184)      0.543     0.461
Gould’s long-eared bat Nyctophilus gouldi    48.4  (31)      0.032     0.857
Greater long-eared bat Nyctophilus timoriensis         0  (1)       -
Inland broad-nosed bat Scotorepens balstoni    55.6  (18)      0.222     0.637
Large forest bat Vespadelus darlingtoni    41.8  (67)      1.806     0.179
Southern forest bat Vespadelus regulus    59.1  (22)      0.727     0.394
Little forest bat Vespadelus vulturnus    61.8  (251)    13.869  < 0.001
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detected (F8,175 = 5.644, p < 0.001); but this was due to significantly lower activity in
open paddocks compared with all wooded categories (SNK p < 0.05).  There was no
difference in activity levels between any of the wooded categories of remnants (SNK
p > 0.05).
Bats were widespread throughout all types of forest (Fig. 2.4).  There was, however, a
significant difference between forest types in the overall trapping success of bats
(F5,124 = 2.876, p = 0.017) and in species richness (F5,124 = 2.494, p = 0.034).  The
highest trapping rate and greatest species richness were recorded in Cypress-pine
Woodlands, and the lowest trapping rate and species richness in Mixed Species and
Grey Box Woodlands (Fig. 2.4).  There was also a significant difference between
forest types in the number of detector passes recorded (F5,167 = 2.555, p = 0.029).  The
pattern was similar to that revealed by trapping data, with the exception of Cypress-
pine Woodlands which had the lowest detection rates (Fig. 2.4).
For two species, the number of individuals trapped differed significantly between
forest types: V. vulturnus (F5,124 = 5.604, p < 0.001) and large forest bat V. darlingtoni
(F5,124 = 4.017, p = 0.002).  Capture rates for V. darlingtoni were markedly greater in
River Red Gum Woodland (0.74 ± 0.19 captures/night) than in all other forest types
combined (0.09 ± 0.03 captures/night).  Capture rates of V. vulturnus were highest in
Black Box, Yellow Box and Cypress-pine Woodlands (all > 2.2 captures/night), and
lower in River Red Gum, Grey Box and Mixed Species Woodlands (all < 0.8
captures/night).
2.3.2   Composition of assemblages
There was no significant difference between remnant types in the composition of bat
assemblages based on trapping data (ANOSIM global test statistic, R = 0.047, p =
0.077).  The relationships between sites grouped by remnant type are shown in an
MDS ordination plot in Fig. 2.5.
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Fig. 2.4.  The mean (± SE) trapping success (captures per night), species richness
(from trapping) and number of detector passes in relation to forest types.  Forest
type abbreviations: RRG – River Red Gum Woodland; BB – Black Box Woodland;
GB – Grey Box Woodland; MS – Mixed Species Woodland; YB – Yellow Box
Woodland; and CP – Cypress-pine Woodland.
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Fig. 2.5.  Ordination using non-metric multidimensional scaling to examine
variation in composition of bat assemblages (based on trapping data) between
types of remnant vegetation.  See Table 2.1 for a key to the abbreviations of remnant
types.
B4 B3
B2 B1
SC R
SN SW
Stress: 0.18
2.3.3   Activity of bats in relation to prey availability
A total of 185,776 arthropods from 23 orders was collected in light traps and sorted
into size classes.  The dominant orders were Diptera (35.4%), Lepidoptera (27.9%),
Coleoptera (21.3%) and Hemiptera (8.3%), which together comprised 92.9% of
individuals.  These orders were also the dominant orders in the diets of the bats of the
Northern Plains (Chapter 3).
There was a significant positive correlation between arthropod biomass (within the
size range of 1-24 mm) and the total number of bats caught at a site, but not with the
total number of passes recorded by bat detectors (Table 2.3).  Five species, T.
australis, Mormopterus sp. (southern), C. gouldii, Gould’s long-eared bat Nyctophilus
gouldi and southern forest bat Vespadelus regulus, showed significant positive
correlations between capture rate and total biomass, with correlations for three other
species, C. morio, N. geoffroyi and V. vulturnus, being close to significant (i.e. p <
0.10; Table 2.3).  When the comparison was restricted to the dominant size-classes of
the dominant arthropod orders in the diet of each species, six species showed
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significant positive correlations: T. australis, C. gouldii, C. morio, N. geoffroyi, N.
gouldi and V. regulus.  The other five taxa showed positive but non-significant
correlations (Table 2.3).
Table 2.3.  Correlations between the capture rate of bat species, number of
detector passes and total arthropod biomass (within the size range 1-24 mm), and
with the biomass of the dominant prey types and sizes for each species of bat.
Statistics are Spearman rank correlations, with significant correlations indicated in
bold.
Species Correlation with total
biomass
Correlation with dominant
prey types and sizes
r p r p
Tadarida australis       0.185       0.035 0.182       0.037
Mormopterus sp. (southern)       0.268       0.002 0.157       0.073
Mormopterus sp. (eastern)       0.109       0.215 0.105       0.231
Chalinolobus gouldii       0.340    < 0.001 0.379    < 0.001
Chalinolobus morio       0.158       0.072 0.176       0.045
Nyctophilus geoffroyi       0.156       0.076 0.177       0.043
Nyctophilus gouldi       0.331    < 0.001 0.233       0.007
Scotorepens balstoni      -0.081       0.358 0.014       0.871
Vespadelus darlingtoni      -0.004       0.963 0.114       0.195
Vespadelus regulus       0.216       0.013 0.177       0.043
Vespadelus vulturnus       0.166       0.058 0.031       0.726
Total captures       0.255       0.003
Total bat detector passes       0.006       0.935
2.3.4   Influence of weather conditions on bat activity
There was a significant correlation between the number of detector passes recorded
during the 45-minute sampling periods and the temperature at the start of the sampling
period (rs = 0.123, p = 0.001).  There was, however, no significant correlation with
minimum overnight temperature (rs = -0.010, p = 0.790) or daytime maximum
temperature (rs = 0.053, p = 0.151).  In contrast, trapping data were significantly
positively correlated with all three temperature measures (all p < 0.001; Table 2.4).
Wind speed had a significant effect on trap captures but not on the number of passes
recorded by the detectors (Table 2.4).  For both techniques, the highest activity was
recorded when a light breeze was present.
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Table 2.4.  Bat activity in relation to weather at the time of sampling.  The
trapping data are related to temperature at dusk (start of sampling period) and
overnight minimum and daytime maximum, and average overnight weather conditions
for wind, rain and moon (n = 264).  The detector data are related to these conditions
during each 45-minute sampling period (n = 734).  Values given are mean captures
per night and the mean number of detector passes per 45-minute sample, ± SE.
Statistics are Spearman rank correlations for temperature data, and ANOVAs on log-
transformed data for comparing wind, rain and moon categories.  Probability values:
*** p < 0.001; ** p < 0.01; * p < 0.05; ns not significant.
Weather condition Trapping data Detector data
Captures/
night
n p Passes/ 45-
min sampling
n p
Temperature
  Start of sampling 264 *** 734 ***
  Overnight minimum 264 *** 734 ns
  Daytime maximum 264 *** 734 ns
Wind *** ns
  No wind 4.9 ± 0.8 93    70.7 ± 8.1 269
  Light 7.7 ± 1.4 67    96.5 ± 12.4 299
  Moderate 3.4 ± 0.7 104    68.4 ± 17.1 155
  Strong – 0    57.7 ± 22.2 11
Rain *** –
  No rain 4.7 ± 0.5 240    80.5 ± 6.9 734
  Light rain  12.7 ± 3.9 16            – 0
  Heavy rain 0.8 ± 0.5 8            – 0
Moon * **
  No moon 4.2 ± 1.3 40    67.8 ± 8.1 303
  ¼ moon 6.7 ± 1.3 54    77.8 ± 23.2 68
  ½ moon 6.9 ± 1.3 74    77.3 ± 18.3 146
  ¾ moon 3.3 ± 0.8 46    67.4 ± 13.7 95
  Full moon 2.7 ± 0.8 50  127.4 ± 23.4 122
Detectors were set only when there was no rain imminent and therefore all the
detector samples were rain-free.  However on a small number of occasions (n = 24)
rain fell later in the night, and there were significantly more trap captures on nights
with light rain than when there was no rain or heavy rain (SNK p > 0.05).  There were
significant differences in the number of detector passes recorded, and the number of
captures, between phases of the moon, but the pattern was not the same for both
techniques (Table 2.4).  More detector passes were recorded during full moon than
other phases, but there was lower trapping success during a full moon.
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When the influence of the nightly weather conditions on likelihood of capture was
examined for each species separately, there were marked differences between species.
Significant influences have been incorporated in stepwise logistic regression models
(see section 2.3.5).
2.3.5   Factors influencing the distribution of bats
Principal component analysis was conducted on site, landscape and regional climatic
variables to reduce collinearity between variables.  At the site level, ordination of the
number of small, medium and large trees, and the number of small, medium and large
hollow-bearing trees revealed two main components (eigenvalues > 1.0) (Table 2.5).
Component 1 was strongly positively correlated with the number of large trees and
large hollow-bearing trees, and to a lesser extent the number of medium-sized hollow-
bearing trees.  Component 2 represents the number of small and medium-sized trees.
Table 2.5.  Results of principal components analyses for site, landscape and
climatic variables, respectively.  Site and landscape variables were log transformed.
Variable Loadings for
Component 1 Component 2
Site
   Small trees       -0.384        0.808
   Medium trees        0.094        0.822
   Large trees        0.906       -0.100
   Small hollow-bearing trees        0.305        0.458
   Medium hollow-bearing trees        0.758        0.375
   Large hollow-bearing trees        0.948       -0.106
   Cumulative variance      42.4%      70.7%
Landscape
   Area of remnant vegetation within 500 m radius        0.832
   Area of remnant vegetation within 2 km radius        0.940
   Distance to block > 10 ha       -0.727
   Distance to block > 200 ha       -0.860
   Cumulative variance      71.1%
Climate
   Annual temperature       -0.994
   Annual temperature range       -0.700
   Annual rainfall        0.968
   Elevation        0.944
   Cumulative variance      82.7%
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The four landscape variables measuring aspects of habitat fragmentation and isolation
were represented by a single ordination component (Table 2.5).  This represents a
gradient from sites with larger amounts of remnant vegetation in the surrounding area
and close to other blocks of vegetation, to sites in more open areas with greater
isolation from other remnants.  A third ordination was conducted which incorporated
regional climatic variables: annual mean temperature, annual temperature range and
annual mean rainfall.  Elevation was also included because it was highly correlated
with these variables (all p < 0.001).  A single main component was revealed that
accounted for 83% of the variance (Table 2.5).  This represents a gradient from sites at
higher elevation with higher rainfall, lower annual temperature and a lower
temperature range, to sites at lower elevation with lower rainfall, higher temperatures
and a greater temperature range.
Overall bat activity, as revealed by bat detectors, was tested for correlations with the
site, landscape and climatic variables.  There were significant positive correlations
with tree component 1 (greater numbers of large hollow-bearing trees; rs = 0.256,
p < 0.001) and tree component 2 (greater numbers of small trees; rs = 0.168, p =
0.023).  There was a negative correlation with the climatic component, indicating a
greater number of bat passes at lower elevation sites with warmer, drier climate (rs =
-0.167, p = 0.023).  There were no significant correlations with the landscape
component (rs = 0.002, p = 0.976), tree height (rs = 0.038, p = 0.607), or the number
of shrubs (rs = -0.045, p = 0.545).
Logistic regression models were developed for each species (Table 2.6).  Nightly
weather variables were modelled first, and significant variables were forced into the
model.  Site, landscape and climatic variables were then incorporated if they made
significant contributions to the presence or absence of species at sites.
Nightly weather variables did not influence whether T. australis was trapped or its
audible echolocation call was recorded (Table 2.6).  Tree height and the climatic
gradient were significant variables in the model, with an increasing probability of
occurrence of T. australis with increasing tree height, and decreasing probability at
higher elevation sites with higher rainfall and lower temperatures (Table 2.6).
Table 2.6.  Significant variables in stepwise logistic regression models for the distribution of bat species in the Northern Plains, Victoria.
Also shown are the coefficients for each variable, and the incremental proportion of the variance in the data explained by each step (Nagelkerke
R2 value), and the significance and correct classification rate (CCR) of the final model.  Significant variables for nightly weather conditions were
forced into the model before including site, landscape and climatic variables.  The number of sites (of the 130 sampled) at which each species
was recorded is given after the species name.  The data for Tadarida australis are based on both trapping and recording audible echolocation
calls.
Species Nightly weather variables Site, landscape & climatic variables Final model
Variable B ± SE R2 Variable B ± SE R2 p CCR
Absent Present
Tadarida australis Nil Tree height    0.093 ± 0.040 0.041 0.008 60.0% 63.1%
(n = 65) Climate   -0.446 ± 0.193 0.096
Constant   -1.773 ± 0.783
Mormopterus sp. (southern) Dusk temp. 0.279 ± 0.092 0.136 Climate   -0.521 ± 0.257 0.185 < 0.001 99.0% 19.4%
(n = 31) Constant   -7.612 ± 1.870
Mormopterus sp. (eastern) Nil Tree 1    1.095 ± 0.552 0.109 0.021 100% 0%
(n = 8) Constant   -3.156 ± 0.531
Chalinolobus gouldii Moon 0.488 ± 0.158 0.083 Shrubs   -0.558 ± 0.286 0.164 < 0.001 81.9% 55.3%
(n = 47) Climate   -0.490 ± 0.231 0.205
Tree 1    0.451 ± 0.221 0.244
Constant    0.421 ± 0.369
Chalinolobus morio Nil Landscape   -0.447 ± 0.191 0.059 0.016 92.7% 22.9%
(n = 48) Constant   -0.562 ± 0.187
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Table 2.6 (Cont’d).  Significant variables in stepwise logistic regression models for the distribution of bat species in the Northern Plains.
Species Nightly weather variables Site, landscape & climatic variables Final model
Variable B ± SE R2 Variable B ± SE R2 p CCR
Absent Present
Nyctophilus geoffroyi Nil Nil
(n = 62) Constant   -0.092 ± 0.176
Nyctophilus gouldi Moon  -1.054 ± 0.305 0.190 Grazing    0.762 ± 0.285 0.350 < 0.001 94.5% 20.0%
(n = 20) Dusk temp.   0.111 ± 0.139 0.247 Climate   -1.080 ± 0.569 0.405
Constant   -5.798 ± 3.259
Scotorepens balstoni Nil Climate    0.523 ± 0.274 0.056 0.056 100% 0%
(n = 14) Constant   -2.218 ± 0.309
Vespadelus darlingtoni Nil Tree height    0.112 ± 0.043 0.081 0.008 99.0% 3.6%
(n = 27) Constant   -3.507 ± 0.910
Vespadelus regulus Moon  -0.765 ± 0.264 0.058 Tree 1    1.448 ± 0.415 0.345 < 0.001 98.2% 29.4%
(n = 16) Rain  -7.375 ± 29.101 0.156 Constant    0.853 ± 0.538
Vespadelus vulturnus Wind  -1.360 ± 0.311 0.139 Climate   -1.241 ± 0.283 0.298 < 0.001 64.0% 86.3%
(n = 80) Landscape   -0.721 ± 0.257 0.339
Shrubs    0.677 ± 0.290 0.385
Constant    1.763 ± 0.389
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However, the model accounted for only 9.6% of variance in the data, and the overall
correct classification rate of sites was 61.5%.
The probability of occurrence of Mormopterus sp. (southern), was positively
influenced by temperature at dusk, this alone explaining 13.6% of the variance (Table
2.6).  The regional climatic gradient contributed a further 5%, with a greater
probability of occurrence at lower elevation sites, with a warmer, drier climate.  The
model successfully predicted where the species was absent (CCR 99%), but was poor
at predicting where it was present (19%; Table 2.6).  In contrast, neither nightly
weather or regional climate were significant in the model for Mormopterus sp.
(eastern).  The only significant variable for this species was tree component 1, which
represents high numbers of large hollow-bearing trees (Table 2.6).  This explained
only 10.9% of the variance and did not correctly predict (i.e. p > 0.05) any of the eight
sites at which the species was recorded.  The model for C. gouldii was more complex
than for other species.  There was a positive relationship with moon phase with greater
probability of recording the species when there was more moonlight (Table 2.6).  The
probability of occurrence increased with decreasing shrub density, with increasing
numbers of large trees with hollows, and in lower elevation areas with a warmer, drier
climate.  The model explained 24.4% of the variance, with an overall correct
classification rate of 72.3%.  Over half of the sites where the species was present were
correctly classified (Table 2.6).  In contrast, the only significant variable in the model
for C. morio was landscape vegetation cover, with a greater probability of occurrence
in areas that were more highly fragmented and isolated.  However, only 5.9% of the
variance was explained and the model correctly predicted presence at only 22.9% of
sites where C. morio was recorded (Table 2.6).
None of the nightly weather, site, landscape or regional climatic variables were
significant predictors for N. geoffroyi.  In contrast, the model for N. gouldi explained
40.5% of the variance.  Probability of occurrence increased with decreasing
moonlight, increasing dusk temperature, increasing levels of grazing, and was greater
at lower elevation sites with warmer, drier climates (Table 2.6; Plate 2.3).  The model
was successful at predicting where the species was absent (94.5%), but less successful
for predicting species presence (20.0%).
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Plate 2.3.  Gould’s long-eared bat Nyctophilus gouldi was more common at lower
elevation sites with warmer, drier climates.
Climate was the only significant variable in the model for the inland broad-nosed bat
Scotorepens balstoni, with greater probability of occurrence in higher elevation areas
with a wetter, cooler climate.  However, again this was a poor model that explained
only 5.6% of the variance.
The only significant variable in the model for V. darlingtoni was tree height, with a
greater probability of occurrence associated with taller trees.  The model performed
poorly at predicting where the species was present (Table 2.6).  A better model was
possible for V. regulus, with 34.5% of the variance explained.  There was a greater
probability of occurrence when there was less moonlight and less rain, and where
there were higher densities of large hollow-bearing trees (Table 2.6).  The overall
correct classification rate was 89.2%, but only 29.4% of the sites where the species
was present were correctly classified.  The model for V. vulturnus explained 38.5% of
variance in the data.  This species was less likely to be recorded on nights with
stronger winds, and there was a higher probability of occurrence at lower elevation
sites with warmer, drier climates, in areas that were more highly fragmented, and at
sites with higher densities of shrubs (Table 2.6).  A high proportion of the sites where
the species was present were correctly classified (86.3%).
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2.4   Discussion
2.4.1   The bat fauna of the Northern Plains
Thirteen species of insectivorous bats were recorded during this study, including all
species known to occur in the Northern Plains region (Menkhorst, 1995).  Although
historical information is sparse, there is no evidence of any regional extinctions of bats
since European settlement (Lumsden et al., 1995).  This is in marked contrast with the
pattern for terrestrial and arboreal mammals, many of which have experienced a
severe decline in status, with at least six species becoming regionally extinct (Bennett
et al., 1998).  Insectivorous bats now represent a major component (39%) of the extant
mammal fauna of the Northern Plains (Bennett et al., 1998).
Four species dominated the trapping records, V. vulturnus, C. gouldii, N. geoffroyi and
C. morio.  Although rarely trapped due to the height at which it normally flies, the
audible echolocation call of T. australis was commonly recorded.  Of the two forms of
Mormopterus, the southern form was more common in this region (99 captures), with
only 13 captures of the eastern form recorded.  N. gouldi is approaching the inland
limit of its distribution in the Northern Plains (Lumsden, 1994), and this was
manifested in its relatively low capture success (32 captures).  In contrast, despite this
region being a core part of the geographic range of S. balstoni, it was recorded only
rarely (21 captures).  The single capture of N. timoriensis was the first record of this
species for the region and only the fourth record for Victoria (Lumsden, 1994) (Plate
2.4).  M. macropus also was recorded only once.  This species has a patchy
distribution in the Northern Plains region, as it is restricted to areas with permanent
water (Menkhorst, 1995).
There was a biased sex ratio in the bats caught during this study, with males
representing 60% of all adults trapped.  Examination of sex ratios was restricted to
adults because the survey was undertaken soon after subadults commenced flying and
their distribution was likely to be influenced by the distribution of adult females.
Significantly more males than females were trapped for four species: Mormopterus
spp. (both forms combined), C. gouldii, C. morio and V. vulturnus.  This was most
obvious for Mormopterus spp.,  for  which males represented 84% of adults.   A male-
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Plate 2.4.  The greater long-eared bat Nyctophilus timoriensis.  The single
individual caught during this study was only the fourth record of this species for
Victoria.
biased sex ratio for trap captures of this genus occurs consistently throughout Victoria
and southern New South Wales (NSW), with males typically representing more than
70% of captures (Lumsden and Bennett, 1995a; Law et al., 1998; Lumsden,
unpublished data).  All of the species that showed a male-biased sex ratio are
common, widespread breeding residents throughout the region, and so it is unlikely
that the location of trapping sites influenced this result.  The pattern of distribution of
the sexes was also consistent across the different types of remnant vegetation.
Detailed demographic studies would be required to determine whether the observed
bias in sex ratio is due to a differential sex ratio at birth, differential mortality of the
sexes, or differences in foraging or movement patterns (e.g. foraging height and hence
likelihood of capture, or distance moved between roost and foraging areas).  It has
been suggested that the male-biased sex ratio observed in the North American big
brown bat Eptesicus fuscus is due to greater male longevity and a higher mortality rate
in females, rather than unequal sex ratios at birth, or sexual segregation based on
geographic distribution, roosting habits or activity patterns (Kurta and Matson, 1980).
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The conclusions drawn from this study are based largely on trapping data, since the
detectors used were in the developmental stage and did not allow species
identification.  Harp trapping, like any technique, is subject to biases.  Harp traps only
catch bats that are flying within 4 m of the ground, and their use is limited to sites
 containing trees.  They are likely to be most effective in relatively dense vegetation
with discrete flyways (Duffy et al., 2000).  Capture rates in this study may, therefore,
be disproportionately elevated in the denser stands of vegetation.  However, bats were
readily trapped even in sparse vegetation, such as at single trees in cleared paddocks
(Plate 2.5; this study and Chapter 3).  In fact, the highest trapping success in this study
was from the smallest remnants: small blocks, roadsides and scattered trees (Fig. 2.2),
and the focusing effect of these small patches of vegetation may compensate for the
lack of discrete flightpaths.  Trappability of bats varies between species, with the
faster, higher-flying species less likely to be trapped (Duffy et al., 2000).  However,
due to the open nature of the vegetation and the low canopy height in this area, traps
set on the ground are more likely to be encountered by these species than they would
be in tall, dense forests.
Plate 2.5.  Isolated trees in a paddock south of Nathalia at which 29 individuals of
seven species were caught in one night.  The harp trap was set in the gap between
the tree trunks.
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2.4.2   Bat activity in relation to weather
It is well established that bat activity is positively related to ambient temperature
(Bradley and O'Farrell, 1969; Kronwitter, 1988; Richards, 1989; Maier, 1992; Hayes,
1997; O'Donnell, 2000), as is the activity of invertebrate prey species (Anthony et al.,
1981; Rydell, 1989; Hayes, 1997; O'Donnell, 2000).  Data from this study are
consistent with these findings: the number of bats trapped was significantly correlated
with the temperature at dusk, the overnight minimum and the maximum temperature
of the preceding day.  Activity as recorded by detectors was significantly positively
correlated with temperature at the time of the actual sample.
In logistic regression models, dusk temperature was influential in the probability of
occurrence of only two species: Mormopterus sp. (southern) and N. gouldi, with a
higher likelihood of trapping these species on nights with warmer temperatures.  Had
a greater range in temperature been sampled, more species may have been influenced.
Many studies have found a threshold temperature below which activity levels of bats
decline dramatically (Richards, 1989; Rydell, 1989; Audet, 1990; Hayes, 1997;
O'Donnell, 2000).  However, the lowest dusk temperature recorded during this
summer survey was 16oC (maximum dusk temperature was 30oC), which is likely to
be higher than any threshold point.  For example, in northern Victoria during autumn,
the activity of N. geoffroyi decreases markedly below 5oC (Lumsden, 1993).
Wind strength significantly influenced the activity of bats, with the highest capture
rate recorded when the wind was light, rather than when there was no wind or
moderate-strength wind.  There was a similar, but non-significant, trend for data
collected by detectors.  Other studies have reported different impacts of wind on
activity levels.  In some studies there was no significant correlation between bat
activity and wind strength (Bell, 1980; Kronwitter, 1988; Maier, 1992; Hecker and
Brigham, 1999), while others indicate a reduction in activity with increased wind
speed (O'Farrell et al., 1967; Avery, 1985; Rydell, 1989; Adam et al., 1994b).
Most sampling nights were rain-free; only 24 of 264 samples experienced rain for part
of the night.  Capture rates were very low when heavy rain fell, but surprisingly there
was almost three times the capture rate during nights when light rain fell, compared
with nights without rain.  Activity of insects, and hence bats, may be greater
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immediately prior to, or after, periods of rain if temperatures remain elevated.  The
only species for which rain had a negative impact on probability of occurrence was
V. regulus.  Other studies have found no significant relationship between bat activity
and rain (Bell, 1980; Maier, 1992; Catto et al., 1995; Hecker and Brigham, 1999),
while some have found that light rain did not have an adverse effect but that heavy
rain depressed foraging activity (Kunz, 1974; Rydell, 1989), or that both light and
heavy rain reduced activity (Fenton et al., 1977; Kronwitter, 1988).  Rain can
potentially influence activity levels of bats either by depressing insect activity, by
interfering with the bats’ echolocation calls or by adding thermoregulatory costs due
to the wetting of fur (Fenton et al., 1977).
Lunar phobia has been recorded for some predominantly tropical, non-insectivorous
species of bats (Crespo et al., 1972; Morrison, 1978a; Elangovan and Marimuthu,
2001), but there is less evidence of this response for insectivorous bats in temperate
regions.  Often, no correlation is evident between activity levels and moon phase
(Anthony et al., 1981; Kronwitter, 1988; Maier, 1992; Hayes, 1997; Gaisler et al.,
1998; Hecker and Brigham, 1999; Karlsson et al., 2002).  In this study, there were
significant differences in the activity of bats during different phases of the moon, as
also reported by Fenton et al. (1977) and Adam et al. (1994b).  Many studies on
activity patterns in insectivorous bats have been conducted using bat detectors, rather
than traps.  It is possible that the lower trapping rate recorded during the full moon
phase in this study (cf. the higher detector rate at full moon) is not due to lower
activity but is a result of increased visual detectability of harp traps by bats in the open
woodlands in which these surveys were conducted.
2.4.3   Impact of landscape pattern and habitat change
Bats were surprisingly widespread throughout all categories of remnant woodland
vegetation – both in blocks of various sizes and in linear strips (roadsides,
streamsides).  There was no significant difference between remnant wooded
categories in the abundance of bats, either for individual species based on trapping
data, or for overall activity as recorded by bat detectors.  Further, there was no
difference between remnant categories in mean species richness per site, or in the
overall composition of bat assemblages.
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Similar observations have been reported for the distribution of bats in remnant
vegetation in the south-west slopes of NSW (Law et al., 1999), where no difference
was found in the total activity of bats between size categories of vegetation ranging
from continuous forests to small remnants in farmland.  Feeding activity, however,
was greater in continuous forests than in remnants, corridors and open areas (Law et
al., 1999).  Likewise, species richness of bats was similar for all categories except
corridors, which supported fewer species (Law et al., 1999).
In contrast to a lack of differentiation between types of remnant wooded vegetation,
significantly lower bat activity, as revealed by bat detectors, occurred in open
paddocks.  The composition of bat assemblages in open paddocks also differed from
that in wooded habitats (Chapter 3).  These results highlight the importance of trees in
rural landscapes for most species of bats.  Although some, such as T. australis and
Mormopterus sp. (southern) do forage in open paddocks devoid of trees, most species
spend little time in the open and rarely forage there, despite commuting across such
areas to reach foraging locations among trees (Chapter 3).  Lower activity by bats in
agricultural pastures has also been recorded elsewhere in the world (Estrada et al.,
1993; Walsh and Harris, 1996a; Russ and Montgomery, 2002; Aihartza et al., 2003).
There was little evidence in this study for a negative effect of habitat isolation on bat
species, despite more than 90% loss of natural vegetation across the region.  Variables
representing landscape vegetation cover and isolation had little influence on the
probability of occurrence of species.  The landscape ordination component was a
significant variable in models for only two species, C. morio and V. vulturnus, but for
both the relationship was negative; that is, there was a greater probability of
occurrence at sites in more fragmented areas.  This component, however, only
explained approximately 5% of the variance for these species.  Law et al. (1999) also
found V. vulturnus to be positively correlated with increasing distance to larger
remnants in the south-west slopes of NSW.  In contrast, C. morio was considered to be
one of the species sensitive to fragmentation, with continuous forests supporting
greater activity levels than smaller forests, corridors and open areas (Law et al., 1999).
V. regulus was also considered sensitive to extreme habitat fragmentation (Law et al.,
1999).  The results from the Northern Plains do not concur with this latter finding, as
the highest capture rates of V. regulus were recorded along streams in farmland and
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the lowest in the extensive blocks of vegetation.  Law et al. (1999) suggested that C.
gouldii, V. darlingtoni, V. vulturnus, Mormopterus sp. (southern) and T. australis were
tolerant of habitat fragmentation.  In the Northern Plains, these species, with the
exception of V. darlingtoni, were widespread throughout all remnant types and
commonly recorded in the smaller remnants and more sparsely vegetated sites,
supporting this view.
Linear strips of vegetation along roads and streams were used extensively by bats, but
the extent to which these habitats are used as pathways for movement, or as strips of
habitat for foraging, is not clear.  All species commute across open paddocks, at least
to some extent, and all forage extensively around isolated trees, which requires
moving substantial distances across open areas (Chapter 3).  This suggests that they
are not dependent on connecting strips of vegetation to move through the landscape.
In Europe, linear landscape elements such as treerows and hedgerows are used
extensively by insectivorous bats and such habitat continuity is considered important
to the persistence of many species in agricultural landscapes (Limpens and Kapteyn,
1991; de Jong, 1995; Walsh and Harris, 1996a; Verboom and Huitema, 1997).  There
may be benefits from flying along linear vegetation instead of across open farmland,
such as greater prey availability, cues to orientation in the landscape, and protection
from wind and predators (Limpens and Kapteyn, 1991; Verboom and Huitema, 1997).
Results from the present study and other work in temperate Australia (Law et al.,
1999) suggest that insectivorous bats have a greater tolerance to habitat fragmentation
than do many other vertebrates.  In the neotropics, the conversion of tropical
rainforests to agricultural landscapes has altered assemblages of bat species with a
reduction in rarer, forest-dependent species and an increase in abundance of
generalists associated with open or edge habitat (Estrada et al., 1993; Brosset et al.,
1996).  However, forest fragments and mosaic habitats are as rich in species as
continuous forests and, because of their mobility, bats appear to be less vulnerable
than other mammals to habitat loss and fragmentation (Estrada and Coates-Estrada,
2002).  In contrast, there is much evidence that the faunal composition of diurnal birds
(e.g. Loyn, 1987; McCollin, 1993; Barrett et al., 1994; Major et al., 2001), non-flying
mammals (e.g. Bennett, 1987; Laurance, 1991) and reptiles (e.g. Mac Nally and
Brown, 2001) in remnant vegetation is sensitive to the size and context of that
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vegetation.  Similarly, there is evidence for numerous species (e.g. Thomas and Jones,
1993; Bright et al., 1994; Radford and Bennett, in press) and assemblages (e.g.
Opdam et al., 1984; Newmark, 1991; Bolger et al., 1997) that spatial isolation from
similar habitat has a negative effect on the likelihood of occurrence of taxa in remnant
vegetation.
Why is there such an apparent difference for insectivorous bats?  I suggest that the
ability of bats to persist in highly altered rural environments can be largely attributed
to their social organisation, their highly developed capacity for flight, and the spatial
scale at which they move.  First, while much is still to be learnt of the social
organisation of insectivorous bats, many species are known to have colonial roosting
habits, extensively overlapping foraging areas, and high intra-specific tolerance.  They
do not live in semi-exclusive territories or home ranges that impose a minimum
habitat area requirement for occurrence, and result in low densities of individuals.
Second, bats are superbly adapted for flight, spending a large proportion of their life in
flight foraging for invertebrate prey.  Flight patterns differ between species, related to
their wing morphology (Norberg and Rayner, 1987).  Some species fly rapidly in open
environments (e.g. above canopy level) while others have slow, manoeuvrable flight
that allows them to forage in structurally complex forest habitats.  Third, the spatial
scale of movement for many species is relatively large, with distances of several
kilometres or more routinely traversed, while some species move considerably greater
distances (Kunz and Lumsden, 2003).  Thus, individuals (and populations) do not
depend on a single block or strip of habitat to obtain all their required resources, but
can move and forage among a number of remnant habitats, or use roost sites distant
from foraging areas (Chapter 4).
Together, these attributes allow insectivorous bats to use the agricultural landscape at
a relatively broad scale compared with many other vertebrates that also depend on
native vegetation for food and shelter.  Individuals can potentially move among a
number of landscape elements (e.g. large and small blocks, scattered trees) within a
broad foraging area, with the consequence that there is little difference in the
composition of the assemblage between different remnant categories.
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The limited differentiation between forest types by bat species in this study is also
consistent with a broad scale use of the environment.  Overall, there was a significant
difference between forest types in the number of bats trapped, species richness and the
number of detector passes recorded, with Grey Box and Mixed Species Woodlands
being consistently lower than other forest types.  However, only two species (V.
darlingtoni and V. vulturnus) differed significantly in abundance between forest types.
The overall pattern for bats may have been influenced by V. vulturnus, the most
commonly recorded species.  Forest type was not a significant variable in the logistic
model for any species.  In NSW, Law et al. (1998) found no differences in the number
of bats trapped, or the level of bat activity recorded by detectors, between five broad
forest types, ranging from high altitude snow gum woodland to lower elevation dry
woodlands.
For seven of the 11 regularly trapped species, and for all species combined, there was
a significant positive correlation between the number of captures and the availability
of potential prey.  This suggests that individuals of these species concentrate foraging
activity in those parts of the landscape where there is a high density of potential prey,
regardless of the type or configuration of the remnant vegetation.
2.4.4   Factors influencing the distribution and abundance of species
The logistic regression models of factors that influenced the distribution of species
across the rural landscape had low explanatory power.  For eight species, less than
25% of the variance in the distributional pattern was explained, while for three
(N. gouldi, V. regulus and V. vulturnus) the percentage explained ranged from 35-41%
(Table 2.6).  Importantly, all models had relatively high error rates in correctly
predicting the presence or absence of the species at a site.  There are several possible
explanations.  First, there was high variability in trapping success and consequently a
survey effort of two nights trapping at each site may have been insufficient to be
confident that species not recorded were actually absent.  Had further trapping been
undertaken it is likely that more species would have been recorded at each site.
Second, despite measuring a range of variables representing habitat features,
landscape context and regional climate, key factors that influence the spatial
distribution of bats may have been overlooked.  Third, bats may be widespread
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throughout the region, such that particular habitat structure, landscape context and
climatic factors may not be strong influences on their pattern of distribution.
Of the three sets of variables, site-based habitat features were represented most
frequently in the models (Table 2.6).  For example, three species, Mormopterus sp.
(eastern), C. gouldii and V. regulus, were positively influenced by greater numbers of
large hollow-bearing trees at sites.  As the trapping data are more likely to represent
foraging or commuting locations than roosting sites, bats may be responding to
features of older forests rather than hollow availability per se.  In montane ash forests
of the Central Highlands of Victoria, bat activity increased significantly with
increasing forest age, which was attributed to an increase in structural diversity
(Brown et al., 1997).  Similar patterns occur elsewhere (e.g. Thomas, 1988; Crampton
and Barclay, 1998).
Models for several species included grazing intensity and shrub cover, but the pattern
was not consistent.  For example, V. vulturnus had increased likelihood of occurrence
at sites with greater shrub cover, but C. gouldii showed a negative relationship.
V. vulturnus forages relatively low to the ground (O'Neill and Taylor, 1986), and so
may be taking insects that are associated with a shrub layer, while C. gouldii forages
at canopy height, and hence may be less influenced by features low to the ground.
There was no significant correlation between density of shrubs and insect biomass
(rs = -0.002, p = 0.973), a factor likely to influence bat activity.  Most sites had few or
no shrubs present, which is typical of this heavily utilised landscape.  However, there
was a significant difference in insect biomass between categories of grazing intensity
(F4,179 = 2.760, p = 0.029), with the most intensively grazed sites having the lowest
insect biomass.  It would be interesting to investigate the relationship between bat
activity, abundance of invertebrates, shrub density and grazing by stock for sites
stratified in relation to these variables.  Grazing has been shown to have a negative
impact on a range of bird species in woodlands of southern Australia (Loyn, 1987;
Jansen and Robertson, 2001; Luck, 2003).
Broad climatic patterns tended to have a greater influence on species’ distributions
than did measures of landscape context (Table 2.6).  Five species had a greater
probability of occurrence in lower elevation areas with higher temperature and lower
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rainfall.  Four of these (T. australis, Mormopterus sp. southern, C. gouldii and V.
vulturnus) are common and widespread species.  The remaining species, N. gouldi, is
more characteristic of mesic habitats and reaches the inland limit of its geographic
distribution in this region (Lumsden, 1994), and so this result is surprising.  This
species was recorded most frequently in large blocks of forest (> 200 ha) and many of
these sites were along the main river systems at lower elevations, which may have
influenced this result.  The reverse pattern was found for S. balstoni, with a greater
probability of occurrence in higher elevation areas with lower temperatures and higher
rainfall, which is contrary to expectation because this species is typical of drier inland
environments (Menkhorst, 1995).  There was, however, little explanatory power in the
model for this species.  The influence of climatic variables on species distributions is
somewhat surprising given that the study area was within a single biogeographic
region and had a relatively small range of climatic conditions and elevation (80-220
m).  In contrast, other studies in south-eastern Australia, where greater ranges of
elevations were sampled, found little or no correlation between bat activity and
elevation (Brown et al., 1997; Law et al., 1998).
2.4.5   Implications for conservation
In the highly cleared and modified landscapes of the agricultural region of
southeastern Australia, all native vegetation has value to bats, even the smallest
remnants, roadsides and scattered trees.  All species of insectivorous bats in the
Northern Plains require tree hollows for roosting and breeding, and for most species
foraging activity is closely centred on trees.  Consequently, trees are essential
components of habitat.  The loss of more than 90% of natural wooded vegetation in
the region has greatly reduced the resources available to these species, and must
therefore have also reduced overall population sizes.  However, the conservation
status of bats appears to be less severely affected by changes in land use than other
vertebrate groups in this region such as birds, non-flying mammals and reptiles
(Bennett et al., 1998).
I suggest that three key factors contribute to the conservation status of bats in rural
environments.  First, as discussed above, bats perceive the rural environment at a
relatively broad scale and are able to use spatially separated resources on a regular
basis.  Second, they have the physical and behavioural capacity to fly across open
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farmland devoid of trees, thus enabling access to isolated habitats.  Third, their aerial
foraging mode and elevated roosts mean that they are less vulnerable to habitat
degradation at the ground level (e.g. due to grazing by stock, weed invasion).  While
patches and clumps of trees remain in the rural landscape, insectivorous bats appear to
be able to co-exist with a range of agricultural activities.
However, there is no room for complacency.  Despite controls on clearing of native
vegetation in Victoria and other states in Australia, there continues to be a decline in
the number of mature trees in the rural landscape due to ongoing clearing, tree dieback
and senescence (Reid and Landsberg, 1999; Ozolins et al., 2001; Gibbons and Boak,
2002).  Small areas are now being restored through revegetation programs, and bats
may be one of the first groups to use these areas for foraging, but it will be many years
before they provide suitable roosting sites.  In addition, the relationship between
habitat loss and species decline is not linear, and for woodland birds there is a lag in
the time between the loss of habitat and the occurrence of local extinctions (Loyn,
1987; Bennett and Ford, 1997; Watson et al., 2003).  Further work is required to
assess the possibility of a threshold response by bats to vegetation cover, and whether
there may be a time-lag effect of land-use change.  Information is also required on the
density and demographic structure of bat populations, and on reproductive success and
survival rates.  Knowledge of these aspects is essential if we are to understand the
processes that determine whether populations in rural landscapes are viable in the
longer term.
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CHAPTER 3
Scattered trees in rural landscapes: foraging
habitat for insectivorous bats
Scattered trees in farmland in northern Victoria
This chapter is in press as:
Lumsden, L.F. and Bennett, A.F. (in press).  Scattered trees in rural landscapes:
foraging habitat for insectivorous bats in south-eastern Australia. Biological
Conservation.
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3.1   Introduction
In countries throughout the world, land dedicated to the conservation of biodiversity is
generally small in size compared with the extensive areas transformed to provide
food, housing and other resources for human society.  Consequently, the conservation
of many species depends on their capacity to persist within modified landscapes,
particularly rural environments dominated by production of livestock, crops and other
agricultural products.  A mosaic of natural, semi-natural and newly-established
habitats typically occur in such landscapes, including patches of forest or woodland,
tree plantations, hedgerows or fencerows, roadside and riparian vegetation, wetlands,
gardens, and scattered or isolated trees within the farmland matrix (Forman, 1995;
Warkentin et al., 1995; Verboom and Huitema, 1997; Daily et al., 2001).  A pressing
challenge is the need to understand which components of the flora and fauna can (and
which can not) persist within these landscapes, what factors influence their persistence
in particular landscape elements, and how the land mosaic can be most effectively
managed for biodiversity conservation within the context of agricultural production.
In this study the focus is on the value of scattered trees among farmland.  In
agricultural regions of southern Australia, scattered trees across cleared farm
paddocks are a conspicuous component of the remnant natural vegetation (also
referred to as isolated trees or paddock trees).  Such trees are valued aesthetically for
their scenic quality in the landscape (Hodgkins et al., 1999; Ozolins et al., 2001), but
their role in biodiversity conservation has been largely neglected (Reid and
Landsberg, 1999).  Most attention has been given to intact stands of remnant forest or
woodland, particularly larger patches (e.g. Loyn, 1987; Bennett, 1990; Hadden and
Westbrooke, 1996; Major et al., 2001).  Reid and Landsberg (1999) estimated that in
the temperate zone of Australia there are approximately 20 million ha of scattered
trees on agricultural land, compared with 6.6 million ha of remnant forest or
woodland.  Due to selective clearing on the more-fertile soil types, some vegetation
communities are now represented predominantly by scattered trees (Gibbons and
Boak, 2002).
Despite legislated controls on tree clearing (e.g. Native Vegetation Retention controls
under the Planning and Environment Act 1987 in Victoria; the New South Wales
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Native Vegetation Conservation Act 1997), scattered trees in farmland continue to be
lost during agricultural practices (Plate 3.1).  ‘Dieback’ due to defoliation by
invertebrates can also severely affect such trees, eventually resulting in their death
(Landsberg et al., 1990; Reid and Landsberg, 1999).  Dead trees are often removed for
firewood, or due to a perception that they are an indication of poor agricultural
practices.  Natural senescence of trees is also prevalent because many are survivors
from land clearing over 100 years ago, and now are reaching the end of their lives.  In
many farmland areas, little natural regeneration is occurring (Bennett et al., 1994;
Reid and Landsberg, 1999).  In central NSW there has been a 20% decline in scattered
trees between the 1960s and 1990s (Ozolins et al., 2001), and it has been suggested
that there may be a total loss of scattered trees from the intensively-managed
agricultural zone of Australia over the next 40-185 years (Gibbons and Boak, 2002).
Plate 3.1.  Trees continue to be lost from the rural landscape: here a solitary tree
remains after surrounding trees are cleared and burnt.
Recent research has begun to document the extent of use of trees in farmland by
various faunal groups, including diurnal birds (Fischer and Lindenmayer, 2002b),
owls (Law et al., 2000), and arboreal mammals (Law et al., 2000; van der Ree et al.,
2001, 2003).  A surprisingly diverse range of bats has been recorded foraging around
scattered trees.  For example, Law et al. (2000) recorded 20 species of bat, including
seven threatened species, flying in close proximity to scattered trees in paddocks in
northern NSW.  Such trees are also known to provide roost sites for bats (Parnaby and
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Cherry, 1992; Law et al., 2000; Chapter 4).  The mobility shown by bats means that
they have access to multiple areas within the landscape, and consequently they appear
to be less affected by habitat fragmentation than some other faunal groups (Lumsden
and Bennett, 2000; Chapter 2).
Previous surveys of bats in northern Victoria (Lumsden et al., 1995; Chapter 2) have
identified a wide range of species foraging among scattered trees.  However, nothing
is known of the relationship between the diversity and abundance of bats and changes
in the density of tree cover.  This is an important conservation issue because there is
continued incremental loss of paddock trees, and sound knowledge is required to
underpin guidelines for managing clearing applications.  Consequently, the aim of this
study was to asses the use by insectivorous bats of scattered trees in rural landscapes,
in order to determine:
• the relationship between tree density and bat activity;
• the relative importance of scattered trees as foraging habitat compared with
cleared farm paddocks;
• the relationship between abundance of potential arthropod prey and tree density;
and
• the relationship between bat activity and potential arthropod prey.
3.2   Methods
3.2.1   Study area
The Riverina region adjacent to the Murray River in northern Victoria (incorporating
the Northern Plains) and southern NSW consists of alluvial plains of Pleistocene
origin with relatively fertile soils.  Pastoral settlement commenced in the mid-1800s
and since that time most native vegetation has been cleared and the land developed for
agriculture.  The region is now used predominantly for cropping and the grazing of
sheep and cattle, and in most districts less than 5% tree cover remains (Bennett and
Ford, 1997; Driver and Davidson, 2002).  The region has hot summers and mild
winters with a mean annual rainfall of 400-600 mm (Land Conservation Council,
1983).
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Three study areas were selected to investigate the use of scattered trees by bats:
Naring (36o02’S, 145o32’E) and Rutherglen (36o06’S, 146o31’E) in Victoria, and
Savernake (36o43’S, 146o03’E) in NSW (see Fig. 1.1).  Each location was > 10 km
from extensive forests of river red gum Eucalyptus camaldulensis along the Murray
River, to reduce any influence from this dominant landscape feature.
3.2.2   Site selection
Sites representing five categories of tree density were selected:
• remnant woodland blocks (> 35 trees per ha; abbreviated as ‘block’) (Plate 3.2);
• scattered trees – high density (10-34 trees per ha; abbreviated as ‘dense scattered’)
(Plate 3.3);
• scattered trees – moderate density (1-9 trees per ha; abbreviated as ‘moderate
scattered’) (Plate 3.4);
• scattered trees – low density (< 1 tree per ha; abbreviated as ‘sparse scattered’)
(Plate 3.5);
• open paddocks devoid of trees, with the closest trees > 200 m away (abbreviated
as ‘open paddock’) (Plate 3.6).
Six replicates of each category (two sites in each of the three study areas) were
chosen, resulting in a total of 30 sites.  Sites were initially identified by examining
aerial photos (Fig. 3.1) and then ground-truthed.
Plate 3.2.  A remnant woodland block at Rutherglen used as a sampling site.
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Plate 3.3.  A ‘dense scattered tree’ site at Savernake.
Plate 3.4.  A ‘moderate scattered tree’ site at Savernake, with a harp trap set
under the branch of the tree in the foreground.
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Plate 3.5.  A single paddock tree in a ‘sparse scattered tree’ site at Rutherglen.
Plate 3.6.  An open paddock site at Savernake.
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Fig. 3.1.  Aerial photograph of half of the Naring study area showing sites in the
five tree-density categories.  a. block; b. dense scattered; c. moderate scattered; d.
sparse scattered; e. open paddock.
Sites were selected in relatively close proximity to each other to enable bats to access
multiple sites if they chose to do so.  All species of bats in the region roost
predominantly in tree hollows (Menkhorst, 1995).  Trees suitable for roosting are
widespread across the study areas and all study sites were within foraging range of
potential roosts.  A 1 ha site was selected within a 4 ha stand of relatively uniform tree
density.  The remnant patches in which sites were located were all < 10 ha in size, to
minimise any confounding effects between patch size and tree density.
a
b
c
e
d
500 m
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The dominant tree species at all sites was grey box E. microcarpa.  This species
comprised 83.7% ± 9.8 (SE) of the basal area of live trees at the block sites; 89.6% ±
10.4 at the dense scattered sites; 75.6% ± 13.8 at the moderate scattered sites; and
100% of trees at the sparse scattered sites.  At Naring, small numbers of white
cypress-pine Callitris glaucophylla and yellow box E. melliodora were also present; at
Rutherglen there were also Blakely’s red gum E. blakelyi, E. camaldulensis, white box
E. albens and E. melliodora; while at Savernake there were small numbers of
C. glaucophylla and buloke Allocasuarina luehmannii trees at some sites.
All sites were within active farming areas, most of which were unfenced and grazed
by stock, at least periodically.  There were few or no native plants in the understorey
or ground layer.  Sites were selected to be similar in tree species, ground cover
composition and management history, with the main difference being the density of
the trees.
3.2.3   Bat census techniques
Bats were surveyed by using harp traps (Austbat, Lower Plenty, Victoria, modified
from Tidemann and Woodside, 1978) and Anabat ultrasonic detectors (Titley
Electronics, Ballina, NSW).  These two techniques are complementary when used in
conjunction (Duffy et al., 2000).  Each site was sampled for four nights between
January and April 2002 (two nights in summer and two nights in autumn).  In each
study area, sites were grouped into two circuits each comprising one site in each of the
five tree-density categories.  Harp trapping was conducted at sites in one circuit for
two nights with bat detectors employed at the other, and then the order was reversed.
This resulted in sampling all tree-density categories simultaneously, and reduced
interaction between techniques (i.e. so that trapping did not remove individuals that
might otherwise be recorded by detectors).  Sampling was restricted to nights that
were rain-free, relatively calm and mild (overnight minimum temperature > 10oC).
Two harp traps were set at each site on potential flight paths between or around trees.
Open paddock sites were not trapped due to the low probability of catching bats.
Traps were not set near water bodies, to prevent potential bias from individuals
concentrating in the area to drink.  Traps were checked once during the night and
again in the morning.  All bats were released at the point of capture, either during the
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night of capture or the following night at dusk.  The age, sex, reproductive condition,
mass and forearm length of each individual was recorded.  An index of body condition
was calculated by dividing body mass by forearm length.  Females had recently
ceased lactating and subadults had commenced flying at the start of the study.
Individuals were identified to species level except for female freetail bats
(Mormopterus spp.).  Two genetically distinct forms of this genus, which await formal
description, are recognised in this region (Adams et al., 1988).  Males were
distinguished on penis length, but females could not be reliably identified from
external examination and were combined as freetail bat (females) Mormopterus sp.
The two taxa are referred to here as southern freetail bat Mormopterus sp. (southern)
(species 4 in Adams et al., 1988) and eastern freetail bat Mormopterus sp. (eastern)
(species 2 in Adams et al., 1988).
All trapped bats were marked so that the total number of individuals using a site over
the four nights of sampling could be determined.  Total number of individuals has
been used in the results, rather than total number of captures, to eliminate the
influence of any differences in retrap rates between tree-density categories.  At the
Naring sites, bats were banded as part of a larger mark-recapture study, with the
exception of Mormopterus spp. which sustain high levels of band injuries (Baker et
al., 2001).  Lambournes bat bands were used, provided by the Australian Bird and Bat
Banding Scheme (Environment Australia, Canberra).  At the other two study areas,
bats were marked by fur clipping.  This mark remained visible for several months and
enabled retrapped animals to be recognised within and between field trips.
Ultrasonic echolocation calls were recorded at each site by linking an Anabat detector
to a laptop computer (Toshiba Libretto 50CT) via an Anabat Zcaim (Titley
Electronics, Ballina, NSW) (Chick and Lumsden, 1999).  Each time a bat flew past the
detector (defined here as a ‘pass’), a digital file was saved directly to the computer.
This system enabled high quality recordings of calls to be collected over complete
nights.  Detectors were set on the ground, approximately 10 m from the base of a tree,
with the microphone positioned at a height of 1 m facing upwards at an angle of
approximately 60o from horizontal.  Detectors always pointed towards a tree (except
for open paddock sites), with a different focal tree selected each night.  Consequently,
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the data recorded is a measure of bat activity around a tree on a site having a particular
density of trees, rather than being indicative of activity levels for the whole 1 ha site
(as would be the case if detectors were located randomly in each stand).
Echolocation calls were identified by using AnaScheme software (Matt Gibson,
Ballarat University, Ballarat, Victoria; Gibson and Lumsden, 2003) which
automatically analyses Anabat files in a consistent, quantifiable way.  A detailed
description of this system will be presented elsewhere, with only a summary provided
here.  As part of the development of AnaScheme, I constructed an identification key
specifically for the Northern Plains region (Appendix I).  Reference calls were
collected from all species known from the region by recording individuals as they
were released at the sampling sites, either just prior to dusk or during the night with a
light tag (Starlight Mini, NKH Luminous Arts Japan Ltd.) attached.  Each call was
examined and parameters extracted from search-phase pulses.  A total of 2296 pulses
from 106 reference call sequences was included in this analysis, with more than 200
pulses available for most species (Table 3.1).  The yellow-bellied sheathtail bat
Saccolaimus flaviventris was included in the key despite there being no confirmed
records from the region, because it has a patchy distribution and uncertain status in
Victoria (Lumsden and Menkhorst, 1995).
AnaScheme fits a modelled curve to each pulse and provides a range of parameters
including various frequency and slope measures, duration and curvature of the pulse,
and time between pulses.  The key for the Northern Plains was developed by
identifying mutually exclusive combinations of parameters to distinguish between
species.  Two approaches were used.  First, the parameters from the pulses of all
reference calls were sorted into frequency ranges.  Sub-sets were then sorted using
other variables until a combination of variables, each within a specific data range,
revealed a single species.  This was repeated until all possible species identifications
were recognised.
The second approach used discriminant function analysis for two groups of species for
which pulse parameters overlapped extensively: i) Mormopterus sp. (southern),
Mormopterus sp. (eastern), Gould’s wattled bat Chalinolobus gouldii and inland
broad-nosed bat Scotorepens balstoni; and ii) chocolate wattled bat C. morio, large
Table 3.1.  The number of call sequences and pulses used to develop the AnaScheme key for the Northern Plains region, and the
percentage of reference call sequences that were correctly identified.
Species Development of key Testing of key
No. of call
sequences
No. of
pulses
No. of call
sequences
% correctly
identified
% mis-
identified
% identified
as unknown
White-striped freetail bat Tadarida australis 2 52 2 100 0 0
Yellow-bellied sheathtail bat Saccolaimus flaviventris 7 43 11 100 0 0
Southern freetail bat Mormopterus sp. 9 191 10 80 0 20
Eastern freetail bat Mormopterus sp. 12 216 14 100 0 0
Gould’s wattled bat Chalinolobus gouldii 10 288 14 36 0 64
Chocolate wattled bat Chalinolobus morio 12 230 21 90 0 10
Lesser long-eared bat Nyctophilus geoffroyi 9 229 16 100 1 0 0
Gould’s long-eared bat Nyctophilus gouldi 7 158 9 100 1 0 0
Inland broad-nosed bat Scotorepens balstoni 10 211 22 32 0 68
Large forest bat Vespadelus darlingtoni 11 219 16 38 0 62
Southern forest bat Vespadelus regulus 8 223 11 82 0 18
Little forest bat Vespadelus vulturnus 9 236 16 69 0 31
Total 106 2296 162 72% 0% 28%
1  identified to genus level.
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forest bat Vespadelus darlingtoni, southern forest bat V. regulus and little forest bat
V. vulturnus.  Eleven pulse parameters from each of the reference calls were
incorporated, and raw coefficients for canonical variables were calculated.  The first
two functions accounted for 94% of the variance within the first group of species, and
99% of the second.  Discriminant function scores for the first two functions were
plotted for all pulses.  Clusters of pulses from a single species, with no overlap from
another species, were used to determine the limits of each species.  Steps in the
classification key were developed that incorporated the weightings for each of the
variables, and the limits represented by each species (Appendix I).  Discriminant
function analysis was conducted using Statistica Version 6.
The key was tested on reference calls of known species identity (including the calls
used to develop the key, plus additional reference calls for some species) and checked
against unknown calls that had been manually identified.  Many species overlap
considerably in their echolocation call parameters and not all calls could be
successfully identified.  The key was refined until no reference call sequences were
incorrectly identified and as many as possible were positively identified (Table 3.1).
The remainder were identified as species complexes or recorded as ‘unknowns’.  The
proportion of reference calls that could be correctly identified varied between species
depending on the extent of overlap in pulse parameters with other species.  All
reference call sequences could be identified for some species (e.g. white-striped
freetail bat Tadarida australis, Mormopterus sp. eastern), whereas identification rates
were less than 40% for others (C. gouldii, S. balstoni, V. darlingtoni; Table 3.1).
It was not possible to reliably distinguish the lesser long-eared bat Nyctophilus
geoffroyi and Gould’s long-eared bat N. gouldi using AnaScheme (or manually).
Therefore, for this genus identifications were made only to generic level.  The form of
Vespadelus regulus present in the Northern Plains (Plate 3.7) has a higher
echolocation call than in southern Victoria (characteristic frequency of 51-57 kHz,
compared with 39-47 kHz in southern Victoria Duffy et al., 2000; see also Law et al.,
2002).
Once I was confident that the identification key was reliable, the calls recorded at
study sites were analysed using AnaScheme.  A minimum of five good quality pulses
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were required from a call sequence (i.e. a pass) for an identification to be attempted.
Positive identifications were only made when more than 50% of the pulses were
identified as a particular species.  The mean number of identified passes per night
from four nights of  sampling at  each site, was then calculated for each species.  In
addition, the mean number of passes for all bats was recorded (irrespective of whether
or not they could be identified).
Plate 3.7.  The southern forest bat Vespadelus regulus from northern Victoria has
a higher frequency echolocation call than conspecifics in southern Victoria.
3.2.4   Arthropod sampling
To assess prey availability, light traps (described in Chapter 2) were employed at each
site in conjunction with bat detectors.  Light traps were operated from dusk until dawn
to attract photosensitive nocturnal, flying arthropods.  They were positioned beneath
the outer edge of a tree canopy on the treed sites, so that part of the cone of light shone
into the canopy of the tree and part projected into space.  For sites with dense
vegetation a small canopy gap was selected so that the positioning was similar across
all sites.  The light trap was set distant (> 20 m) from the detector to reduce any
interaction between the two techniques.
Arthropods were sorted to ordinal level and into size-class categories based on the
length of the body (0.1-2.0 mm, 2.1-4.0, 4.1-6.0, 6.1-10.0, 10.1-14.0, 14.1-18.0, 18.1-
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24.0, 24.1-30.0, 30.1-36.0, 36.1-44.0, > 44.0 mm).  Results from the four nights of
sampling at each site were averaged to provide a mean number of individuals per
night in each size class for each order.  Biomass was calculated using the generalised
relationship for arthropods given by Rogers et al. (1976): W = 0.0305 L2.62, where W
is dry mass in mg and L is length in mm.  Previous studies of the diets of
insectivorous bats in the Northern Plains of Victoria (Lumsden and Wainer,
unpublished data), revealed that the size range of prey items consumed was between
1 and 24 mm in length.  Accordingly, biomass estimates were calculated only from
potential prey items within this size range for comparison with total bat activity.  To
test for correlations between abundance of potential prey items and the activity levels
of each bat species, the dominant sizes of the dominant prey types consumed by that
particular species were used (Table 3.2; Lumsden and Wainer, unpublished data).
Dominant prey types were defined as those orders constituting > 10% by volume of
the faecal remains.  Dominant size classes were defined as those in which > 10% of
individuals from that order were present.
3.2.5   Habitat assessment
A 1 ha quadrat was marked out at the block and dense scattered tree sites by using a
compass and range finder (Bushnell Yardage Pro 500).  For sites with moderate and
sparse scattered trees, assessments were made over 4 ha, which provided a more
representative measure in these patchy habitats.  Data were expressed as density of
trees per ha at all sites.  All trees (defined as stems with a diameter at breast height
[DBH] > 10 cm) were counted, and assigned to one of three size-class categories:
small (10-30 cm); medium (31-70 cm); and large (> 70 cm).  Data were recorded
separately for each tree species and for dead trees.  Total basal area of trees was
calculated for each site.
3.2.6   Statistical analysis
Data were analysed using SPSS for Windows (Version 11.0).  Log10 transformations
were used for data that were not normally distributed.  To investigate differences
between tree-density categories ‘two-factor mixed-effects ANOVAs’ (Quinn and
Keough, 2002) were used, with study area as the random factor and tree-density
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Table 3.2.  Dominant prey types (orders constituting > 10% by volume of faecal
remains) and size classes (constituting > 10% of individuals of that order) from
diet analyses based on faecal samples of bats from 95 sites throughout the
Northern Plains of Victoria (Lumsden and Wainer, unpublished data). Col
Coleoptera; Dip Diptera; Hem Hemiptera; Lep Lepidoptera; Hym Hymenoptera; Ort
Orthoptera.
Species Dominant prey types and sizes (mm)
Tadarida australis Hem (4-6),  Lep (4-18)
Mormopterus sp. (southern) Col (4-14),  Hem (2-4)
Mormopterus sp. (eastern) Hem (2-6),  Hym (2-6) 1
Chalinolobus gouldii Hem (2-6),  Lep (4-10)
Chalinolobus morio Lep (4-14)
Nyctophilus geoffroyi 2 Col (6-14),  Lep (4-14),  Ort (4-14) 1
Nyctophilus gouldi 2 Col (6-14),  Lep (10-24)
Scotorepens balstoni Col (6-14),  Hem (2-6),  Hym (2-14) 1
Vespadelus darlingtoni Col (4-14),  Dip (2-6),  Hem (2-6),  Hym (2-14) 1
Vespadelus regulus Col (4-10),  Dip (2-4),  Lep (4-14)
Vespadelus vulturnus Col (2-14),  Dip (2-4),  Hem (2-6),  Hym (2-14) 1
1  data on body sizes were not available for Hymenoptera and Orthoptera, and so the overall
size range of prey taken by that species was used.
2  as these two species could not be distinguished by their echolocation calls, the dominant
prey types and sizes for these species have been combined for comparison with overall
activity levels for Nyctophilus sp.
category as the fixed factor.  Post-hoc tests were undertaken where significant
differences were found, and homogeneous subsets were recognised when means
within groups were not significantly different (Student-Newman-Kuels [SNK] tests).
Pearson correlations on log-transformed data were used to test for relationships
between bat activity and arthropod biomass.
Non-metric multi-dimensional scaling (MDS) was undertaken to investigate
community structure based on species richness and abundance of bats (i.e. the number
of identified detector passes and the number of individuals of each species trapped at
each site).  Detector data were non-normal and were square-root transformed.  The
Bray-Curtis similarity measure was used to create a matrix of similarities between
sites, and this was then used as the basis for ordination.  Analysis of similarity
Chapter 3 – Scattered trees
71
(ANOSIM) was used to investigate differences in the assemblages of bats between the
sets of sites in the tree-density categories.  SIMPER analysis identified the species that
contributed most to differences between tree-density categories.  MDS, ANOSIM and
SIMPER analyses were conducted using Primer 5 for Windows (Version 5.2.4).
3.3   Results
3.3.1   Activity patterns revealed by trapping results
A total of 770 individuals of 11 species was caught during this study (Table 3.3), from
a total of 814 captures (i.e. 5.7% were retrapped individuals).  All 11 species of bats
were trapped at Rutherglen, ten species were trapped at Naring (T. australis was not
caught), and seven species were trapped at Savernake (no Mormopterus sp. (eastern),
N. gouldi, V. darlingtoni or V. regulus).  Six species dominated the captures, together
comprising 82% of individuals caught: C. gouldii, V. vulturnus (Plate 3.8),
Mormopterus sp. (southern), N. geoffroyi, C. morio and S. balstoni.
Plate 3.8.  The little forest bat Vespadelus vulturnus was one of the most common
species trapped.
Table 3.3.  The total number of individual bats trapped during the study (with total captures in parentheses), and the mean number of
individuals (± SE) recorded in each tree-density category.  Statistics are for two-factor mixed-effects ANOVAs conducted on log-
transformed data, with F and p values given for tree-density categories (df = 3, 12) and study areas (df = 2, 12).  Significant differences are
highlighted in bold.
Species Total no.
indiv.
Block Dense
scattered
Moderate
scattered
Sparse
scattered
Tree density Study area
F p F p
Tadarida australis 14  (15) 0.7 ± 0.5 1.7 ± 1.7 0 0 1.04 0.440        1.09 0.396
Mormopterus sp. (southern) 110  (120) 8.3 ± 2.5 5.7 ± 1.5 3.3 ± 1.5 1.0 ± 0.8 9.54 0.011      13.69 0.006
Mormopterus sp. (eastern) 16  (18) 0.8 ± 0.4 1.0 ± 0.7 0.5 ± 0.2 0.3 ± 0.2 0.56 0.661      10.88 0.010
Mormopterus sp. (females) 47  (47) 3.2 ± 1.5 2.8 ± 1.4 1.5 ± 1.0 0.3 ± 0.3 4.99 0.045      11.67 0.009
Chalinolobus gouldii 160  (169) 13.3 ± 2.3 4.3 ± 1.4 7.5 ± 6.3 1.5 ± 0.7     14.43 0.004        5.39 0.046
Chalinolobus morio 73  (74) 3.8 ± 1.2 4.5 ± 3.2 3.3 ± 1.5 0.5 ± 0.5 5.25 0.041        0.61 0.574
Nyctophilus geoffroyi 100  (104) 6.2 ± 1.8 3.5 ± 0.7 4.0 ± 1.0 3.0 ± 1.2 0.81 0.535        2.75 0.142
Nyctophilus gouldi 2  (2) 0 0.3 ± 0.2 0 0 4.00 0.070        1.00 0.422
Scotorepens balstoni 66  (71) 2.7 ± 0.7 4.2 ± 2.2 2.8 ± 2.3 1.3 ± 1.0 2.87 0.126      17.33 0.003
Vespadelus darlingtoni 26  (26) 1.0 ± 0.6 2.2 ± 1.0 1.0 ± 1.0 1.7 ± 1.7 1.01 0.451        2.74 0.142
Vespadelus regulus 31  (32) 1.2 ± 0.8 2.3 ± 1.3 1.3 ± 0.8 0.3 ± 0.2 0.71 0.580      11.84 0.008
Vespadelus vulturnus 125  (136) 6.8 ± 1.4 7.5 ± 3.1 3.5 ± 0.9 3.0 ± 0.7 1.34 0.346        1.73 0.255
Total 770  (814) 48.0 ± 6.3 40.0 ± 11.8 28.8 ± 13.2 11.5 ± 2.8 7.70 0.018        8.09 0.020
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All species were caught at sites among scattered trees in farmland.  With the exception
of N. gouldi and T. australis, which were infrequently trapped, all species were
recorded in each tree-density category (Table 3.3).  There was a significant difference
between categories in the total number of individuals trapped, with a reduction from a
mean of 48.0 ± 6.3 individuals caught in blocks over the four nights to 11.5 ± 2.8
individuals caught in the sparse scattered category (Table 3.3).  Species that showed
significant differences in the number caught were Mormopterus sp. (southern),
Mormopterus sp. (females; which based on the relative abundance of males of the two
forms, were likely to be dominated by the southern form), C. gouldii and C. morio,
with capture rates highest in the denser vegetation.  The other eight species did not
show significant differences between tree-density categories, with capture rates in the
sparsest sites not significantly different to capture rates in the denser blocks.  Several
species revealed significant differences in capture rates between study areas (Table
3.3), with capture rates frequently higher at Naring than the other two areas.  V.
regulus was the only species for which there was a significant interaction effect
between study area and tree density (F6,12 = 4.432, p = 0.014).  For all other species
the pattern of differences between tree-density categories was consistent in all three
areas.
To assess whether sites among scattered trees in paddocks were used differently by
components of the bat population relative to the denser sites, the age structure, sex
ratio and body condition of individuals were compared.  Subadults were recorded in
all tree-density categories.  For most species there was either no significant difference
(χ2 tests, p > 0.05) in the proportion of subadults recorded in the different tree-density
categories, or small sample sizes of subadults precluded comparisons.  The only
species that had significant differences were C. gouldii, for which subadults were
more frequently recorded in the sparser sites compared to the denser treed sites (χ2 =
9.345, df = 3, p = 0.025), and N. geoffroyi for which there was a higher proportion of
subadults recorded in the block and sparse scattered sites than in dense and moderate
scattered sites (χ2 = 11.006, df = 3, p = 0.012).
There were significant male biases in the overall sex ratio of trapped individuals for
six species (Table 3.4): for example, 73% of Mormopterus sp. individuals trapped
were males.  Despite these overall differences, there were no significant differences in
Table 3.4.  Sex ratios for all individuals trapped and for individuals within each tree-density category.  Figures are the percentages that
were males with the total sample size (n) in parentheses.  The males of the two forms of Mormopterus have been combined to compare with
female Mormopterus.  Significant differences are highlighted in bold.
Species % males
(n)
Overall sex ratio Block Dense
Scattered
Moderate
Scattered
Sparse
Scattered
Comparison between
tree-density categories
χ2 p χ2 p
Tadarida australis    71.4  (14)      2.571    0.109   25.0  (4) 90.0  (10)       0  (0)       0  (0)
Mormopterus sp. (combined)    72.8  (173)    36.075 < 0.001   74.3  (74) 70.2  (57)  71.9  (32)  80.0  (10) 0.561 0.905
Chalinolobus gouldii    68.1  (160)    21.025 < 0.001   70.0  (80) 69.2  (26)  66.7  (45)  55.6  (9) 0.843 0.839
Chalinolobus morio    64.4  (73)     6.041    0.014   56.5  (23) 63.0  (27)  80.0  (20)  33.3  (3) 4.032 0.258
Nyctophilus geoffroyi    62.0  (100)     5.760    0.016   56.8  (37) 81.0  (21)  66.7  (24)  44.4  (18) 6.210 0.102
Nyctophilus gouldi    50.0  (2)        0  (0)   50.0  (2)       0  (0)       0  (0)
Scotorepens balstoni    81.8  (66)   26.727 < 0.001    100  (16) 80.0  (25)  70.6  (17)  75.0  (8) 5.302 0.151
Vespadelus darlingtoni    50.0  (26)     0.000    1.000   83.3  (6) 53.8  (13)  16.7  (6)       0  (1) 6.410 0.093
Vespadelus regulus    48.4  (31)     0.032    0.857   71.4  (7) 57.1  (14)  12.5  (8)  50.0  (2) 6.045 0.109
Vespadelus vulturnus    63.2  (125)     8.712    0.003   61.0  (41) 60.0  (45)  81.0  (21)  55.6  (18) 3.583 0.310
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sex ratio between tree-density categories for any species (Table 3.4).  Similarly, the
body condition index (BCI) of species did not vary significantly between tree-density
categories (two-factor mixed-effects ANOVAs, p > 0.321 for all species).  There were
no significant differences between the three study areas for any species except
V. vulturnus, which had a higher BCI at Rutherglen than the other two areas
(F2,70 = 5.828, p = 0.023).  There was no significant interaction effect between tree-
density categories and study area for any species (p > 0.146 for all species).
3.3.2   Activity patterns revealed by bat detectors
A total of 29,628 passes was recorded during the 120 nights of detector recordings
(246.9 ± 27.1 SE passes/night/site).  There was a high level of variability, both
between sites and between nights at the same site.  The highest activity in a night was
913 passes at a dense scattered tree site at Rutherglen, and the lowest was 6 passes at
an open paddock site at Savernake.
Using the AnaScheme program, 7991 (27.0%) passes were identified to species level
(or to genus for Nyctophilus sp.).  The remainder could not be identified either as a
result of being a short sequence with insufficient good quality pulses to meet the
minimum criteria, or having the majority of pulses with parameters that could not be
distinguished between two species.  The most commonly identified species were
Mormopterus sp. (southern) and V. vulturnus (Fig. 3.2).  In contrast to the trapping
data, all ten taxa were recorded at each of the three study areas.
There were significant positive correlations between the measures of abundance
obtained from the trapping and detector data for six taxa (Mormopterus sp. eastern,
Nyctophilus sp., S. balstoni, V. darlingtoni, V. regulus and V. vulturnus; Table 3.5).
The other four species showed no significant correlation between activity levels
revealed by the two techniques.
The overall level of bat activity differed significantly between tree-density categories
(two-factor mixed-effects ANOVA, F4,15 = 71.386, p < 0.001).  There was
significantly lower activity in the open paddock sites compared with the treed sites.
There  was no  significant  difference  between  any of the four categories of sites with
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Fig. 3.2.  The mean number (± SE) of detector passes of each species recorded in
tree-density categories.  BL block; DS dense scattered; MS moderate scattered; SS
sparse scattered; OP open paddock.  Note that the scale varies between species.  n =
total number of passes identified for each species.  Statistics are for ‘two-factor
mixed-effects ANOVAs’, with df = 4, 8 in each case, with F and p values given for
the treatment factor, i.e. tree-density category.  The letters, a-c, above the columns
represent homogeneous subsets where means are not significantly different from each
other, based on SNK tests with p > 0.05.
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Fig. 3.2. (cont’d).  The mean number (± SE) of detector passes of each species
recorded in tree-density categories.
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Table 3.5.  Correlations between the mean number of individuals caught and the
mean number of detector passes recorded per night at sites with trees (no
trapping was undertaken at open paddock sites).  Statistics are Pearson correlations
on log-transformed data, with n = 24 in each case.  Significant correlations (p < 0.05)
are indicated in bold.  Trapping results from both species of Nyctophilus have been
combined for comparison with detector results for this genus.
Species Mean indiv.
caught/site
Mean detector
passes/site
r p
Tadarida australis 0.6 ± 0.4       3.3 ± 0.5    -0.176     0.412
Mormopterus sp. (southern) 4.6 ± 1.0     25.5 ± 5.4     0.357     0.087
Mormopterus sp. (eastern) 0.7 ± 0.2       2.8 ±1.0     0.492     0.015
Chalinolobus gouldii 6.7 ± 1.9       5.3 ± 0.9    -0.053     0.805
Chalinolobus morio 3.0 ± 0.9       2.4 ± 0.5     0.220     0.301
Nyctophilus sp. 4.3 ± 0.6       3.7 ± 1.2     0.507     0.011
Scotorepens balstoni 2.8 ± 0.8       0.7 ± 0.2     0.784  < 0.001
Vespadelus darlingtoni 1.1 ± 0.4       2.4 ± 1.1     0.553     0.005
Vespadelus regulus 1.3 ± 0.4       2.1 ± 0.6     0.713  < 0.001
Vespadelus vulturnus 5.2 ± 0.9     28.8 ± 5.1     0.628     0.001
trees (SNK test p > 0.05; Fig. 3.2), with activity levels of bats foraging around a single
tree in a paddock similar to activity levels around a tree within a block.  Significantly
fewer passes were recorded at Savernake than the other two study areas
(F2,15 = 42.680, p < 0.001).  There was no interaction effect (F8,15 = 0.288, p = 0.959)
indicating a consistent pattern of differences between tree-density categories in all
three areas.
There were no significant differences in relation to tree-density category for several
species (T. australis, Mormopterus sp. eastern, Nyctophilus sp., V. regulus; Fig. 3.2).
Mormopterus sp. (southern) showed significant differences (F4,15 = 7.280, p = 0.009),
but no homogenous subsets were revealed (SNK p = 0.136).  There were high levels
of activity of this species in the dense and moderate scattered tree sites and low levels
in blocks.  This contrasts with trapping results for which the highest trapping success
for this species was in blocks (Table 3.3). The highest levels of activity of C. gouldii
were from the dense, moderate and sparse scattered tree sites with lower levels of
activity in blocks and open paddock sites.  Activity levels were significantly higher in
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treed sites than open paddock sites for C. morio, S. balstoni and V. vulturnus, with
generally similar activity levels in the treed sites (Fig. 3.2).
Mormopterus sp. (southern) dominated activity in the open paddocks with 70% of all
identifiable passes from these sites attributed to this species.  This represented 14.5%
of the total number of passes recorded for this species, while 17.3% of all T. australis
passes were recorded in open paddocks.  Although all of the other eight taxa were also
recorded in open paddocks, most of these spent little time in these habitats (< 7% of
passes).  V. vulturnus and S. balstoni were the least frequently recorded with only
1.0% and 1.5% respectively of their call sequences recorded from open paddock sites.
V. regulus (6.6%) and Nyctophilus sp. (6.1%) were recorded somewhat more often.
To investigate if open paddock sites were used for foraging or as commuting routes,
the detector files from these sites were examined manually in Anabat for characteristic
feeding buzzes (these can not be distinguished using AnaScheme).  Of the 594
identified passes from open paddocks, 56 (9.4%) contained feeding buzzes, the
majority of which (73%) were from Mormopterus sp. (southern).  Although based on
small sample sizes, there was also evidence for some feeding in open paddocks by T.
australis, Mormopterus sp. (eastern), C. gouldii, Nyctophilus sp. and V. vulturnus.
There were significant differences between the three study areas for five of the ten
taxa (Mormopterus sp. southern, Mormopterus sp. eastern, C. gouldii, V. darlingtoni
and V. regulus; all p < 0.05).  For all species, Naring had a greater mean number of
passes per site than Rutherglen, which was greater than Savernake.  As for the
trapping results, V. regulus was the only species for which there was a significant
interaction effect (F8,15 = 3.148, p = 0.027).
The total number of passes and the number of passes for each species were compared
with the density and basal area of trees at each site.  A quadratic relationship between
the density of trees and total bat activity (R2 = 0.626, F2,27 = 22.571, p < 0.001) best
explained the relationship (Fig. 3.3).  Consistent with their patterns for distribution
between tree-density categories, the activity levels of Mormopterus sp. (southern), C.
gouldii, C. morio, S. balstoni and V. vulturnus could also be explained by significant
quadratic relationships (p < 0.05).  Comparisons with basal area revealed similar
significant, although slightly weaker, relationships.
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Fig. 3.3.  The quadratic relationship between the total number of bat passes
detected and the density of trees at sites (both variables are log10(X+0.5)
transformed).
3.3.3   Community composition
There was a significant difference in the composition of bat assemblages between
tree-density categories for the trapping data (ANOSIM global test statistic, R = 0.129,
p = 0.048), primarily due to a difference between blocks and sparse scattered tree sites
(R = 0.544, p = 0.002).  The other five pair-wise comparisons were non-significant
(R < 0.187, p > 0.069 for all).  The relationships between sites in the four tree-density
categories are shown in an MDS ordination plot in Fig. 3.4a.  Data obtained by bat
detectors also showed significant differences in the composition of assemblages
between categories (R = 0.309, p = 0.001; Fig. 3.4b).  There were significant pair-wise
comparisons between each of the treed categories (block, dense scattered, moderate
scattered and sparse scattered trees) and the open paddock sites (R > 0.435, p < 0.006
for each).  The only significant pair-wise difference between treed categories was
between blocks and moderate scattered trees (R = 0.32, p = 0.022).  The abundance of
Density of trees (log transformed)
3.02.52.01.51.0.50.0-.5
N
um
be
r o
f d
et
ec
to
r p
as
se
s 
(lo
g 
tra
ns
)
2.8
2.6
2.4
2.2
2.0
1.8
1.6
1.4
1.2
Chapter 3 – Scattered trees
81
V. vulturnus contributed 30% of the difference in composition between the open
paddock sites and all treed sites combined (SIMPER analysis), with Mormopterus sp.
(southern) and C. gouldii contributing a further 16% and 11% respectively.
Fig. 3.4.  Ordinations, using non-metric multidimensional scaling, to show
variation in assemblages of bats at sites based on a) trap captures, and b) data
from detectors.  The lines cluster sites from the same tree density categories together.
a) trapping
Block
Dense scattered
Moderate scattered
Sparse scattered
Stress: 0.13
b) detectors
Block
Dense scattered
Moderate scattered
Sparse scattered
Open paddock
Stress: 0.13
Stress: 0.13
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3.3.4   Arthropod sampling
More than 38,000 arthropods were collected using the light traps (Table 3.6).  The
most abundant orders were Diptera, Coleoptera and Lepidoptera, which together
comprised 77% of all individuals trapped.  Five orders were represented by fewer than
20 individuals (Dermaptera, Isoptera, Mantodea, Ephemeroptera and Stresiptera).  The
number of individuals recorded for the other orders is shown in Table 3.6.  There were
no significant differences in the number of individuals between the tree-density
categories for most orders sampled (Table 3.6).  The orders that showed significant
differences were Hemiptera, Hymenoptera, Trichoptera and Blattodea with
abundances generally higher in the denser vegetation categories.  Nine orders showed
significant differences between the three study areas (Table 3.6), with Naring typically
having the highest abundances and Savernake the lowest.
There was a positive but non-significant (p = 0.07) correlation between the total
number of passes recorded by the bat detectors and arthropod biomass (within the size
range of 1-24 mm) at the 30 sites (Table 3.7).  Four species, Mormopterus sp.
(southern), Mormopterus sp. (eastern), S. balstoni and V. regulus, showed significant
positive correlations between bat activity and total biomass at sites (Table 3.7).  For
the other six taxa, the correlation with arthropod biomass was not significant but the
direction was positive for all but T. australis.  When this comparison was restricted to
the dominant size classes of the dominant arthropod orders found in the diet of each
species (see Table 3.2), five taxa revealed significant positive correlations (Table 3.7):
Mormopterus sp. (eastern), C. gouldii, S. balstoni, V. darlingtoni and V. regulus.  In
addition, the activity level of Nyctophilus sp. was marginally significantly correlated
with the abundance of its prey (P = 0.056).
Table 3.6.  The mean number of individuals (± SE) of arthropod orders in tree-density categories.  Data are shown for orders
represented by 20 or more individuals, while the overall total and mean values include all orders.  Statistics are for two-factor mixed-
effects ANOVAs conducted on log-transformed data, with F value and probability given for tree-density category (df = 4, 15) and for
study area (df = 2, 15).  Significant differences are shown highlighted in bold.  The interaction effects were non-significant for all orders
(p > 0.05).
Order Total no. of
indiv.
Block Dense
Scattered
Moderate
Scattered
Sparse
Scattered
Open Paddock Tree density Study area
F p F p
Diptera 12,457 171.4 ± 48.8 95.1 ± 34.4 92.4 ± 41.8     103.0 ± 50.0 57.2 ± 26.2    2.28 0.149   17.35   0.001
Coleoptera 8,919 98.5 ± 32.9 49.0 ± 21.2 52.1 ± 24.2       59.3 ± 33.9    112.7 ± 62.7    1.44 0.306   17.66   0.001
Lepidoptera 8,131 99.9 ± 23.1 58.6 ± 16.6 51.7 ± 17.3       49.8 ± 19.2 78.8 ± 33.5    2.38 0.138   18.76   0.001
Collembola 4,251 0.4 ± 0.2 0.7 ± 0.4 1.2 ± 0.5     168.8 ± 167.8 6.1 ± 4.3    1.37 0.325     1.00   0.411
Hemiptera 2,635 39.0 ± 21.1 15.1 ± 7.0 19.8 ± 9.7       11.1 ± 5.5 24.8 ± 11.6    5.15 0.024   78.64 < 0.001
Hymenoptera 823 8.8 ± 2.3 8.0 ± 3.1 5.6 ± 2.3         8.0 ± 2.1 3.9 ± 2.0    3.82 0.050   14.37   0.002
Acarina 599 18.6 ± 17.7 2.9 ± 1.7 0.8 ± 0.6         0.9 ± 0.6 1.8 ± 0.6    0.81 0.550     3.13   0.099
Trichoptera 320 6.5 ± 2.5 2.5 ± 1.3 2.0 ± 0.7         1.1 ± 0.6 1.2 ± 0.8    5.70 0.018   14.41   0.002
Orthoptera 95 1.2 ± 0.6 1.1 ± 0.8 0.5 ± 0.4         0.4 ± 0.3 0.8 ± 0.3    0.96 0.478   12.65   0.003
Araneae 41 0.3 ± 0.1 0.6 ± 0.3 0.3 ± 0.2         0.3 ± 0.3 0.1 ± 0.1    0.73 0.595     2.02   0.195
Blattodea 35 1.0 ± 0.5 0.04 ± 0.04 0.2 ± 0.1         0.3 ± 0.1 0  14.10 0.001     6.32   0.023
Thysanoptera 29 0.1 ± 0.1 0.3 ± 0.1 0.2 ± 0.1         0.3 ± 0.2 0.4 ± 0.1    0.76 0.580     1.06   0.391
Psocoptera 27 0.4 ± 0.2 0.04 ± 0.04 0.1 ± 0.1         0.3 ± 0.2 0.3 ± 0.3    1.26 0.360     5.32   0.034
Pseudoscorpionida 20 0.1 ± 0.1 0.5 ± 0.3 0.1 ± 0.1         0.1 ± 0.1 0.1 ± 0.1    2.85 0.097     2.51   0.142
Neuroptera 20 0.3 ± 0.1 0.2 ± 0.1 0.2 ± 0.1         0.1 ± 0.1 0.04 ± 0.04    0.94 0.489     2.59   0.136
Total 38,448 447.3 ± 115.2 235.0 ± 74.0 227.6 ± 93.0     403.9 ± 194.1 288.3 ± 136.5   1.40 0.317   14.71   0.002
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Table 3.7.  Correlations between the activity of bats (mean number of detector
passes at each site) and total arthropod biomass (within the range 1-24 mm), and
with the biomass of dominant prey types and sizes for each bat species.  Statistics
are Pearson correlations on log-transformed data, with n = 30 in each case.
Significant correlations are indicated in bold.
Species Correlation with total
arthropod biomass
Correlation with dominant
prey types and sizes
r p r p
Tadarida australis -0.113 0.551 -0.111 0.558
Mormopterus sp. (southern)  0.365 0.048  0.263 0.160
Mormopterus sp. (eastern)  0.375 0.041  0.521 0.003
Chalinolobus gouldii  0.258 0.168  0.383 0.037
Chalinolobus morio  0.129 0.499  0.040 0.835
Nyctophilus sp.  0.331 0.074  0.352 0.056
Scotorepens balstoni  0.477 0.008  0.374 0.042
Vespadelus darlingtoni  0.248 0.186  0.487 0.006
Vespadelus regulus  0.472 0.008  0.424 0.020
Vespadelus vulturnus  0.022 0.907  0.211 0.264
Total passes  0.331 0.074
3.4   Discussion
3.4.1   Overall patterns and methodological considerations
The eleven species of bats recorded during this study represent the majority of species
known from the Riverina region of south-eastern Australia.  Two species not recorded
were the southern myotis Myotis macropus, a habitat specialist that forages
exclusively over water (Menkhorst, 1995), and the greater long-eared bat Nyctophilus
timoriensis, a rare species in Victoria (Lumsden, 1994).  The same suite of species
occurred in each of the three study areas.  All taxa were recorded by bat detectors in
each area, but four species were not trapped at Savernake.
Bat detectors and trapping are complementary techniques, both having biases in the
suite of species most likely to be recorded (Duffy et al., 2000).  Trapping rates are
influenced by the vegetation structure, with higher capture rates generally experienced
where there are well-defined flight paths in which to position traps.  It may be
expected therefore, that trapping rates would be proportionally higher in the denser
blocks.  However, there may also be a counter effect in that isolated trees may be a
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focal point for activity.  Trapping provides information on the number of individuals
using a site, as well as facilitating collection of demographic data on species.  In
contrast, detectors provide a comparable index of activity that is not affected by
trappability.  However, they can not be used to estimate population numbers, because
several individuals flying past a detector can not be distinguished from one individual
repeatedly passing by.  Two main factors influence the perceived abundance of bat
species as recorded by detectors (i.e. the index of bat activity).  First, the detectability
of each species varies depending on the height at which it flies and the strength of its
call, and hence the distance over which it can be detected.  Fast-flying species such as
T. australis have loud calls which can be detected from a considerable distance,
whereas slow-flying species such as Nyctophilus spp. have quiet calls and must be
much closer to the microphone to be detected.  Second, not all species are equally
identifiable due to overlap of call parameters with other species.  The percentage of
reference calls correctly identified using AnaScheme ranged from 32% to 100% for
different taxa (Table 3.1).  These two factors need to be considered when comparing
activity levels between species.  However, intra-specific comparison of habitat use
remains valid as identification rates are not likely to vary between tree-density
categories.  Although there may be some variation in detection distances between sites
with different densities of trees (Patriquin et al., 2003), the detectors were positioned
in small gaps between the trees to minimise this variability.
For six taxa there were significant positive correlations between the trapping and
detector data in estimating relative abundance.  Most of these species typically forage
below canopy height (approx. 20 m in this region) (Lumsden et al., 1994), and hence
fly within range of both traps and detectors.  For most, their proportional occurrence
among total trap captures was higher than their proportional occurrence in the total
identifiable detector calls.  For example, records of Nyctophilus sp. comprised 13.3%
of total individuals trapped, but only 4.7% of identifiable detector passes.  The three
molossids (T. australis, Mormopterus sp. southern, Mormopterus sp. eastern), which
are fast fliers with loud echolocation calls, and often fly higher than other species,
were recorded with a greater relative frequency by detectors than by trapping (4.8% vs
1.8%, 35.8% vs 14.3% and 3.5% vs 2.1%, respectively).  Two relatively fast, higher-
flying species, expected to be more frequently recorded by detectors (C. gouldii and S.
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balstoni), were the species most difficult to distinguish by their echolocation calls
(Table 3.1), and this may have influenced their perceived abundance.
3.4.2   Relationship between tree density and bat activity
All species were recorded around scattered trees in farmland.  This is in contrast to
other faunal groups (e.g. arboreal marsupials, diurnal birds) where typically only a
sub-set of the fauna have been recorded around scattered trees (Law et al., 2000;
Fischer and Lindenmayer, 2002b).  Other studies in south-eastern Australia have also
revealed a high proportion of bat species using scattered trees in paddocks.  Twenty of
21 species of bats recorded in northern NSW used isolated trees or small remnants in
paddocks for foraging or roosting (Law et al., 2000).  In the Northern Plains of
Victoria, nine of 13 species were trapped at scattered trees (Lumsden et al., 1995;
Chapter 2): in one instance, a trap at an isolated tree resulted in the capture of 29
individuals of seven species in one night (Lumsden and Bennett, 2000; see Plate 2.6).
High levels of bat activity were recorded by Adams (2000) around isolated trees in
paddocks near Albury, NSW.  In contrast, in southern Africa, Fenton et al. (1998)
reported a significantly greater richness and abundance of bat species in intact
woodlands compared with adjacent areas with a much reduced canopy cover (due to
high densities of elephants).
There was a general trend for reduced activity or abundance of bats as tree density
decreased but this pattern was not consistent among all species.  The trend was most
clearly shown by trapping results, with a progressive decline in overall capture rates as
tree density decreased (Table 3.3).  Overall activity, as revealed by bat detectors, also
differed significantly between tree-density categories, but the major differences were
between each of the wooded habitats and open paddocks.  Flight activity for most
species was markedly lower in open farmland.  There was also significant variation in
the composition of bat assemblages amongst sites, which showed similar patterns to
that for indices of abundance.  Based on detector records, the major compositional
difference was between all wooded categories and open farmland, while for trap
captures the greatest difference was between woodland blocks and sparsely treed sites.
The quadratic relationship between overall activity (based on detector records) and
tree density showed that the highest level of activity corresponded with dense
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scattered tree sites; not, as might have been expected, with woodland blocks.  Some
blocks had a high density of relatively small trees due to regrowth from earlier
disturbance events, whereas dense scattered tree sites comprised mainly large old
trees.  These latter sites may be more representative of pre-European tree densities
than the woodland blocks.  Although the structure and density of woodlands prior to
settlement is a contentious issue, Benson and Redpath (1997) argue that grassy
woodlands of south-eastern Australia probably contained approximately 30 trees per
ha, which corresponds well with the peak level of bat activity at 20-30 trees per ha
(Fig. 3.3).  Most individual species also followed this pattern, with the highest activity
for seven of the 10 taxa in the dense scattered tree category (Fig. 3.2).  This tree
density may correspond with optimal foraging opportunities for most species because
it contains sufficient space between trees for less-manoeuvrable species (such as
Mormopterus spp.) but is sufficiently dense for species that prefer a more ‘cluttered’
environment (e.g. Nyctophilus spp., Vespadelus spp.).  Species with wings adapted for
cluttered environments are not precluded from flying in more open areas, whereas the
converse is not the case (Fenton, 1990).  For example, based on flight morphology,
N. geoffroyi, a long-eared, slow-flying species capable of gleaning (Grant, 1991)
might be expected to forage more in cluttered situations.  However, there was no
significant difference between any of the tree-density categories, and 6% of all its
calls were recorded in open paddock sites.  Data from radio-tracking studies on this
species concur with this finding, although they reveal that open areas are crossed
quickly with a faster flight pattern than that used during foraging (Chapter 4).  In
contrast, fast fliers like Mormopterus spp., T. australis and C. gouldii that have wing
loadings and aspect ratios more suited to uncluttered areas are less able to forage in
cluttered situations.
Use of open farmland by bats differed markedly from their use of wooded habitat,
with significantly lower overall activity and a different bat assemblage in open
paddocks.  Trees in some form are necessary to provide foraging habitat for most
species in this region (Lumsden and Bennett, 2000).  Similar observations have been
reported in Europe, where bat activity is low in open areas and dominated by a few
species (Limpens and Kapteyn, 1991; Walsh and Harris, 1996a; Russ and
Montgomery, 2002).
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It is important to recognise that activity of bats, as measured by bat detectors, is based
on calls recorded at a single tree, and does not necessarily represent total activity
across the site.  Consequently, comparative results between tree-density categories
(Fig. 3.2) should not be interpreted to mean that a 1 ha site with one tree per ha
supports as many bats as a 1 ha site with 20 trees per ha, for example, despite a similar
level of activity potentially being recorded around a single tree in each situation.
What then, is the impact on bats of the incremental loss of trees as tree density is
reduced?  Results from trapping may provide a more useful insight.  Based on four
nights of trapping at each site, the mean number of individuals declined as tree density
declined, from a mean of 48 individuals captured in blocks, to 40 in dense scattered,
29 in moderate scattered and 12 in sparse scattered trees (Table 3.3).  Although this
result may be influenced by differences in trappability due to less obvious flight paths
at sites with fewer trees, it suggests that as tree density declines so too does the overall
abundance of bats.
3.4.3   Demographic variation
If scattered trees in paddocks were less suitable as a foraging habitat than woodland
blocks, it could be expected that there would be differences in sex ratios and
population age structures.  Females have higher energetic demands than males due to
the cost of pregnancy and lactation (Thomas, 1988; Barclay, 1991).  To compensate,
females could forage in higher quality habitat to maximise food intake, although other
potential strategies could include increased foraging time, increased feeding
efficiency, or entering torpor (O'Donnell, 2002).  The pooled data from this study
revealed a significant male sex bias for many of the species trapped.  This is consistent
with results from a broad-scale survey across the Northern Plains of Victoria that
trapped for bats at 131 sites in a range of types of remnant vegetation (Chapter 2).
There is no evidence to suggest this bias is due to differential migration patterns, as
for some northern hemisphere species (e.g. Cryan et al., 2000).  All species (except
possibly T. australis, Lumsden, 1999) are believed to be resident, and all breed in the
region.  However, despite an overall bias in the sex ratio for many species,
comparisons across tree-density categories showed no differences in the sex ratio for
any species.
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A second indicator of marginal habitat may be low breeding success.  Using relative
abundance of subadults as a measure of breeding success, for most species there were
no differences between tree-density categories.  The two species for which differences
were evident showed a higher, rather than lower, proportion of young in sparsely treed
sites.  Subadults often forage closer to their roost site than do adults (O'Donnell,
2001), but it is not known whether these sparsely treed sites are representative of their
natal area or whether these results were influenced by subadults dispersing.  Little is
known of dispersal patterns in these species.
A third potential indicator of marginal habitat is body condition, with an expectation
that individuals foraging in poor quality habitats may be in poorer condition than
those foraging in optimal areas.  There were no differences in the body condition
index for any species across tree-density categories, again suggesting that sparser
treed sites are not necessarily sub-optimal foraging habitat.
3.4.4   Relationships between bat activity and prey availability
Four taxa showed significant positive correlations between activity levels (as recorded
by detectors) and availability of potential prey.  It had been expected that a greater
resolution would be achieved when the total biomass was reduced to the dominant
prey types and sizes in the diet of each.  Two additional species (C. gouldii and
V. darlingtoni) were significantly positively correlated with prey availability when it
was measured as the dominant dietary types, but Mormopterus sp. (southern) no
longer showed a significant correlation.  All but one of the remaining taxa were also
positively (but non-significantly) correlated with prey availability.  The light traps
sampled the same arthropod orders found in the bats’ diet, with five of the six
numerically dominant orders in light trap samples also being the five dominant orders
in the diets of the bats (Tables 3.2 and 3.6).  Other studies have reported significant
relationships between insect availability and bat activity based on temporal patterns
within a night (e.g. Swift, 1980; Taylor and O'Neill, 1988), seasonal patterns (e.g. de
Jong and Ahlén, 1991), and in relation to temperature (e.g. Richards, 1989) and
habitat type (e.g. Arlettaz and Perrin, 1995; Warren et al., 2000).  In contrast, Ekman
and de Jong (1996) found no relation between insect abundance and bat distribution in
a study of resource utilisation in fragmented and continuous forests in Sweden.
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The species most strongly correlated with the abundance of preferred prey were
typically the less common species (e.g. Mormopterus sp. eastern, V. regulus,
V. darlingtoni).  In contrast, the five taxa for which there were positive but non-
significant correlations with prey abundance were mainly common species, including
those with both generalist (e.g. V. vulturnus) and more-specific diets (e.g. C. morio;
Plate 3.9).  T. australis was the only species negatively correlated with arthropod
biomass.  This species generally flies above the canopy, and it is likely that the
arthropods on which it feeds are out of range of light traps positioned on the ground.
Plate 3.9.  The chocolate wattled bat Chalinolobus morio feeds predominantly on
moths.
While these results demonstrate a clear link between the foraging activity of bats and
prey abundance, there are several possible reasons why the strength of this
relationship was not greater for some species.  First, the level of taxonomic resolution
for both dietary items and arthropod availability was to ordinal level.  A stronger
relationship may have been apparent if it had been possible to identify potential prey
items and prey remains to a finer level (Greene and Jaksic, 1983).  Second, in this
study it was only possible to measure overall activity, rather than specific foraging
activity, and so a true measure of foraging was not available.  However, other studies
have found a strong correlation between the total number of passes and the number of
feeding buzzes (Walsh et al., 1995; Law et al., 1998; O'Donnell, 2000), suggesting
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that overall activity is a reasonable reflection of foraging activity.  Third, food may
not be a limiting factor: if so, there would be less pressure to concentrate on areas of
high arthropod availability.  However, little is known about the distribution and extent
of arthropod biomass in these rural landscapes, or the proportion taken by bats.  Last,
factors other than food availability may also influence where bats forage, such as the
risk of predation or the need to shelter from wind (Fenton, 1995; Verboom and
Spoelstra, 1999).
3.4.5   Implications for conservation
Scattered trees in farmland are used extensively by bats as foraging habitat.  Although
there was a general trend for a decline in abundance and activity of bats with declining
tree density, no threshold level was revealed below which isolated trees were not used.
Single isolated trees or small stands of sparsely scattered trees are unlikely to provide
all the resources that an individual requires, but due to their mobility bats can traverse
the rural landscape to exploit multiple patches of habitat.  For most species, trees are a
critical component of foraging habitat with little time spent in the open, but the ability
to commute across open areas devoid of trees enables them to access sparsely
scattered trees.
Scattered trees are also used as roost sites by some species of bats and may be
particularly important in districts where no extensive areas of forest remain.  For
example, at Picola in the Northern Plains of Victoria, males and non-breeding females
of N. geoffroyi roosted more frequently in scattered trees in farmland than the
availability of this resource suggested.  Twenty-four percent of roosts used by males
and 10% of roosts used by non-breeding females were located in scattered trees,
whereas this landscape element comprised only 3.8% of the study area (Chapter 4).
In a reciprocal relationship, insectivorous bats may also contribute to the survival of
scattered farmland trees through the ecosystem service they provide by consuming
invertebrates.  ‘Dieback’ of eucalypts in rural landscapes is often associated with high
levels of defoliating insects (Landsberg et al., 1990).  Discussion of biological
processes associated with dieback often highlights the potential importance of
insectivorous birds in regulating invertebrate abundance (e.g. Ford, 1985; Landsberg
et al., 1990; Reid and Landsberg, 1999), but the role that bats may play is usually
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overlooked.  Being nocturnal, their foraging period largely complements that of birds.
Bats are likely to have an important role in regulating populations of herbivorous
invertebrates around sparsely scattered farm trees, because woodland-dependent,
insectivorous birds are often scarce in such habitats (Lumsden and Bennett, 2000).
Results from this study are widely applicable to agricultural landscapes across
southern Australia, because many of the species recorded are widespread throughout
these regions.  These results also support the contention of others (e.g. Reid and
Landsberg, 1999; Law et al., 2000; Fischer and Lindenmayer, 2002a; Gibbons and
Boak, 2002), that in addition to recognising the value of larger woodland remnants for
biodiversity conservation, a complementary approach is required that acknowledges
the values of scattered stands and even single trees.  This is particularly important in
extensively cleared rural landscapes where 95% or more of the vegetation has been
removed.  Conserving remaining vegetation is an essential component of landscape
restoration.
A first step in improved protection and management of scattered trees in farmland is
for their values to be fully recognised.  In the Australian context, there are potential
economic benefits to protecting these trees, such as providing shade and shelter to
stock, crops and pasture, lowering the risk of dryland salinity, reducing erosion and
improving soil properties (Reid and Landsberg, 1999; Wilson, 2002).  Greater
awareness is also required of their role in biodiversity conservation.  Many land
managers are familiar with the beneficial role of birds as insectivores or pollinators of
vegetation.  However, because insectivorous bats are small, nocturnal and hidden in
roosts during the day, few people are aware of the diversity or abundance of bats that
use trees in rural landscapes.  Increasing the awareness of land managers and decision
makers of the benefits of these species will enhance knowledge of this faunal group in
the community and provide further sound reasons for valuing remnant trees on farm
properties (Appendix II).
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CHAPTER 4
Location of roosts of the lesser long-eared bat
Nyctophilus geoffroyi and Gould's wattled bat
Chalinolobus gouldii in a fragmented landscape
Gould’s wattled bat  Chalinolobus gouldii
This chapter has been published as:
Lumsden, L.F., Bennett, A.F., and Silins, J.E. (2002). Location of roosts of the lesser
long-eared bat Nyctophilus geoffroyi and Gould's wattled bat Chalinolobus gouldii in a
fragmented landscape in south-eastern Australia. Biological Conservation 106: 237-
249.
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4.1   Introduction
The roosting ecology of bats is fundamental to understanding the biology and life-
history of these species.  The availability and physical characteristics of roosts
influence diverse aspects of the ecology of bat species, such as the length of gestation
(Racey, 1973), growth and survival of young (Tuttle and Stevenson, 1982; Brigham
and Fenton, 1986), extent of arousal from hibernation over winter (Ransome, 1990),
roost fidelity (Lewis, 1995), social organisation (Happold and Happold, 1990) and
exposure to predators (Fenton, 1995).
Roosting requirements are an important consideration for the conservation of bats,
particularly in human-dominated landscapes where natural habitats have been
extensively cleared, fragmented or modified.  The paucity or absence of suitable
roosts may limit the distribution of species (Humphrey, 1975; Findley, 1993), while
the relative abundance of roosts may affect the size of local populations (Racey,
1998).  The quality of roosts following habitat change may influence levels of
mortality and reproductive success (Brigham and Fenton, 1986), and the spatial
separation between roosts and foraging areas in highly modified environments can
affect energetic costs of foraging and exposure to predators during commuting
(Estrada et al., 1993; Jones et al., 1995).
The effects of human land-use and habitat change on the roosting ecology and
conservation of bats has received most attention in forested environments, where
evidence indicates that management of forests for timber production reduces the
availability of roosts for many tree-hole roosting species (e.g. Vonhof and Barclay,
1996; Crampton and Barclay, 1998; Herr and Klomp, 1999; Law and Anderson,
2000).  Environmental change has generally been greater in rural than forested
environments, but little is known of the roosting ecology of tree-hole roosting bats in
rural areas.  Clearing of wooded vegetation for farmland results in the loss of trees
that provide roosts, while fragmentation and modification of natural environments
alters the abundance, spatial location and quality of roosts in the landscape.
Conversely, buildings associated with rural land uses and human dwellings often
provide new types of roosts for some species (e.g. Tidemann and Flavel, 1987;
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Brigham, 1991; Entwistle et al., 1997).  It is likely that the roosting ecology of bats is
substantially altered in rural environments, and that roost requirements and roost
availability have a strong influence on the capacity of species to survive in such
highly fragmented landscapes.
This study examines the location of roosts of two species of vespertilionid bats, the
lesser long-eared bat Nyctophilus geoffroyi and Gould’s wattled bat Chalinolobus
gouldii in a rural environment in south-eastern Australia.  Agricultural settlement in
southern Australia over the last 150 years has been accompanied by extensive clearing
and fragmentation of natural habitats.  In regions used intensively for agriculture, little
remains of natural woodlands or forests, and remnant native vegetation often
comprises less than 10% of the landscape (e.g. Robinson and Traill, 1996).  This
transformation of the rural environment has had profound effects on terrestrial
mammals with many species having declined or become regionally extinct (Bennett,
1990; Saunders et al., 1993; Bennett et al., 1998).  However, bats have generally
persisted in rural areas of south-eastern Australia, and in many regions represent a
major component of the mammalian fauna (e.g. Lumsden et al., 1995).
Nyctophilus geoffroyi and C. gouldii are common species in south-eastern Australia
and occur widely in both forested and rural areas (Lumsden and Bennett, 1995b,c;
Churchill, 1998).  Despite this, relatively little is known of their roosting requirements
or of the impact of agricultural development on these species.  N. geoffroyi is a small
(7 g body mass) long-eared species that has a slow manoeuvrable flight pattern when
foraging, and catches prey both in flight and by gleaning from foliage (Grant, 1991).
Its diet in rural areas of south-eastern Australia consists primarily of Lepidoptera,
Orthoptera and Coleoptera (Lumsden and Wainer, unpublished data; Chapter 3).  Tree
hollows and exfoliating bark are the most common natural sites used as day roosts by
N. geoffroyi, but anthropogenic structures such as buildings are also occupied
(Tidemann and Flavel, 1987).  In a parallel study investigating roost tree selection,
this species was highly selective in its choice of roost sites, with marked intra-specific
differences between males and females, and breeding and non-breeding females
(Chapter 5).
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Chalinolobus gouldii is a larger species (14 g) that has a faster, more-direct flight
pattern (O'Neill and Taylor, 1986), and in rural areas of south-eastern Australia
forages predominantly on Hemiptera and Lepidoptera (Lumsden and Wainer,
unpublished data; Chapter 3).  Natural roosts are in tree hollows (Churchill, 1998), but
buildings are also used as day roosts (Dixon and Huxley, 1989).  C. gouldii is highly
selective in its choice of roost sites, predominantly roosting in dead spouts on large,
old, live trees (Chapter 5).
A landscape-scale perspective on the roosting ecology of N. geoffroyi and C. gouldii is
presented, that addresses the following questions:
• which elements in the rural landscape provide roosting habitat?
• what are the spatial relationships between roosting and foraging habitats?
• are roost sites randomly located within roosting habitats?
• are there inter- and intra-specific differences in the location of roosts?
4.2   Methods
4.2.1   Study area
The study was undertaken in a farmland mosaic, containing remnant native vegetation
amongst cleared agricultural land (Plate 4.1), and an adjacent extensively forested
floodplain of the Murray River (Plate 4.2), near Picola in northern Victoria, Australia
(35o59’S, 145o05’E) (Fig. 4.1).  The study area forms part of the Northern Plains of
Victoria, flat alluvial plains of Pleistocene origin that extend from the inland side of
the Great Dividing Range to the Murray River (Jenkin, 1982).  The climate is
temperate with hot summers (mean daily maximum in January of 31oC) and mild
winters (mean daily minimum in July of 4oC).  Mean annual rainfall is approximately
450 mm (Land Conservation Council, 1983).
Most land in the Northern Plains is privately owned and used for agriculture,
primarily for sheep and cattle grazing, with some cropping and vineyards.  Over the
last 130 years native vegetation in this area has been extensively cleared, with less
than 5% tree cover now remaining in farmland areas.  Prior to European settlement the
vegetation was mainly ‘box’ woodlands dominated by the eucalypts grey box
Chapter 4 – Location of roosts
97
Plate 4.1. Remnant vegetation in farmland where bats were initially caught for
attachment of radio transmitters (Photo John Silins).
Plate 4.2. The interface between the farmland area and the extensive floodplain
in Barmah forest (Photo John Silins).
Eucalyptus microcarpa, black box E. largiflorens and yellow box E. melliodora, of
which the present remnants are typical.  Several small fragments of white cypress-pine
Callitris glaucophylla occur on elevated sandy soils.  Adjacent to the farmland is an
extensive forest (29,000 ha) on the floodplain of the Murray River.  Most of the forest
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is available for timber production (Barmah State Forest), with a smaller section
(Barmah State Park) dedicated to nature conservation.  These are collectively referred
to as Barmah forest.  In contrast to the vegetation on the plains, the floodplain forest is
dominated by river red gum E. camaldulensis, primarily occurring as single species
stands, with a narrow strip of E. largiflorens on drier land bordering the farmland.
Silvicultural practices in the 1930-40s resulted in the killing of numerous large trees,
examples of which are still standing.  The floodplain is periodically inundated and in
spring 1993, during this study, most of Barmah forest was flooded.
Fig. 4.1.  The study area in the Northern Plains of Victoria, south-eastern
Australia.  Native vegetation is represented by shading.  The dotted line indicates the
area covered in Figs. 4.3 – 4.5.
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To investigate the location of roosts, eight landscape elements were recognised, of
which seven (numbers 2-8) were in the farmland mosaic:
1. extensive floodplain forest (Barmah forest);
2. woodland remnants (< 10 ha) amid cleared farmland;
3. remnant woodland along roadsides (20-50 m in width);
4. remnant woodland along streams (up to 100 m in width);
5. scattered trees in farmland (where the density of trees is lower than in woodland
remnants);
6. vineyard;
7. urban areas; and
8. farmland devoid of trees.
Barmah forest and the largest of the remnants in farmland are shown on Fig. 4.1.
Other landscape elements are too small to be visible on a map at this scale.
4.2.2   Location of roosts
Roost sites were located by radio-tracking bats during the day.  Bats were trapped
while active at night, mainly by using Austbat harp traps (32 Longs Rd, Lower Plenty,
Victoria 3084, Australia) (based on Tidemann and Woodside, 1978), with a small
number caught with monofilament mistnets.  Bats were trapped in remnant woodland
amongst farmland, 6-7 km south-east of Barmah forest (Fig. 4.1).  Most individuals
(78%, 35/45) of N. geoffroyi used for telemetry were caught in a small remnant
(3.6 ha) of C. glaucophylla.  Seven individuals were trapped in nearby roadside
vegetation (approx. 2 km distant) dominated by E. microcarpa, and another three in
an adjacent remnant (4.5 ha) of E. largiflorens.  Most individuals (89%, 24/27) of
C. gouldii were trapped in the roadside vegetation, while three were trapped in the
remnant C. glaucophylla woodland.  Multiple trap locations were used in each of the
remnants.
Trapped bats were weighed, measured and their reproductive condition assessed.  To
investigate the use of maternity roosts by females with dependent young, females
were classified as lactating or non-breeding.  Lactating females were tracked during
November and December, while non-breeding females were tracked in February,
March and May.  No transmitters were attached to pregnant females.  Individuals were
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fitted with small transmitters (Holohil Systems, Carp, Ontario, Canada, Model BD-
2B) with mass 0.65 g, representing 8-10% of the body mass of N. geoffroyi and 5-6%
for C. gouldii.  Six transmitters (Titley Electronics, Ballina, NSW, Australia) were
also used for C. gouldii (1.3 g).  The mass of transmitters for N. geoffroyi was higher
than 5% of body mass as recommended by Aldridge and Brigham (1988), but less
than 10% recommended by Bradbury et al. (1979).  Subsequent data on the behaviour
of bats carrying transmitters, the distances traversed, and the observation of a 7.2 g
female flying carrying her 5.4 g young (75% of body mass) (Lumsden and Bennett,
1995a), suggests that individuals are capable of carrying such weights.  It is not
known, however, if the transmitters affected other aspects of their roosting ecology,
such as the ability to fit into narrow roost entrances.  Transmitters were glued to the
dorsal surface of the bat with Vetbond (3M Animal Care Products, Germany), after
trimming a small area of fur to enable firm attachment to the skin.  Individuals were
also banded (with alloy bird bands, Australian Bird and Bat Banding Scheme), so that
they could be recognised if later retrapped.
Bats were released at the point of capture on the same or following night at dusk.
They were tracked using Telonics receivers (Mesa, Arizona, USA) with omni-
directional and H-frame antennae.  The detection range of bats when located within a
diurnal roost was approximately 300 m (range 100-700 m).  Due to difficulty in
initially locating distant roost areas, a small aircraft (Cessna 172), fitted with a
receiver and two antennae, was used.  Detection distances from the air (3-10 km) were
much greater than from the ground.  The general position of a roost was determined
by using a global positioning system (Ensign GPS, Trimble Navigation, Texas) and
located in relation to surrounding geographic features.  The exact roost location was
subsequently determined on the ground using a hand-held antenna.  Roost sites for
each individual were usually located every day for which the transmitter remained
attached and operating (range 1-17 days).  When Barmah forest was in flood, a canoe
and motorbike were used to locate roosts within the flooded forest.  Due to the time
taken to access these roosts, it was not possible to locate every bat each day.
Data collected for each roost included the precise geographic location, its position in
the landscape and the distance to the edge of the forest block.  To compare roost trees
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with those locally available to bats, all trees within a 1 ha plot (100 m x 100 m)
surrounding each roost were identified to species, counted and assigned to one of four
size categories (< 10 cm, 10-30 cm, 31-70 cm, and > 70 cm diameter at breast height
[DBH]).  Each tree was scanned for the presence of hollows (defined as hole openings
large enough for a bat to gain access, i.e. greater than 1.5 cm wide), and the number of
hollow-bearing trees in each size category was recorded (see Bennett et al., 1994).
To investigate whether bats showed selection for particular components of the
landscape for roosting, available habitat was assessed by using aerial photographs.
The area represented by each landscape element was measured within an area of
13 km radius from the initial capture points (to incorporate the greatest distance
between roost and capture point, see Results).
To examine whether roost sites in the floodplain forest were randomly distributed or
related to aspects of forest structure, the potential habitat available to bats was
assessed by locating a series of 1 ha sampling plots (n = 58) at the intersections of a
2 km grid superimposed across that section of Barmah forest within the potential
roosting range of the bats (i.e. within 13 km of capture points).  The species and
number of trees, and number of hollow-bearing trees of different size classes were
assessed using the same procedure as for roost-site plots.
4.3   Results
4.3.1   Number of individuals tracked
Radio-tracking was conducted during March, May, November and December 1993,
and February, March and November 1994.  During this time 45 individuals of
N. geoffroyi and 27 C. gouldii were tracked (three males and one female N. geoffroyi
were tracked on more than one occasion - see Table 4.1).  These species were tracked
to diurnal roosts 280 and 224 times respectively (Table 4.1).
Transmitters remained attached to N. geoffroyi for a mean (± SD) of 7.9 ± 4.8 days
(range 1-17 days), and to C. gouldii for 10.5 ± 3.3 days (range 4-14 days).  For both
species  the  duration  of  attachment  was  similar for males and non-breeding females
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Table 4.1.  Number of individuals of Nyctophilus geoffroyi and Chalinolobus
gouldii that were radio-tracked, and the number of roosts located.
Nyctophilus geoffroyi Chalinolobus gouldii
Males Non-
breeding
females
Lactat-
ing
females
Total Males Non-
breeding
females
Lactat-
ing
female
Total
Number of
   individuals 1
14 11 20 45 12 12 3 27
Number of days
   bats were located
137 99 44 280 108 99 17 224
Number of roosts 2 66 42 36 139 41 43 8 89
1  Three male N. geoffroyi were tracked during two telemetry sessions and one female N. geoffroyi was
tracked during three telemetry sessions.  No data were obtained from six individuals of N. geoffroyi and
two C. gouldii (see p. 103).
2  Three roosts were used by two, and one roost by three, radio-tracked individuals of N. geoffroyi, and
three roosts by more than one radio-tracked C. gouldii, resulting in the total number of roosts being less
than the sum of roosts in each category.
(Table 4.2).  The  transmitters on lactating  females, however, became detached
significantly sooner than for the pooled sample of males and non-breeding females
(two-sample t-test, N. geoffroyi t = 6.39, p < 0.001; C. gouldii t = 2.59, p = 0.016).  A
bald patch of skin remained after the transmitter fell off.  On most occasions the skin
was intact, and on individuals that were subsequently recaught fur had regrown over
the area.  Most individuals (5 out of 6) of N. geoffroyi that were retrapped at the end
of a tracking session had increased body mass during the tracking period; although the
only female retrapped declined slightly.
A total of 139 roosts were located for N. geoffroyi and 89 roosts for C. gouldii.  Four
N. geoffroyi roosts and three C. gouldii roosts were used by more than one radio-
tracked individual during different tracking sessions.  Where roosts were occupied at
different times by both a male and female, the data were used to characterise the
roosting resources used by each sex.   The mean number  (± SD)  of roosts located  per
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Table 4.2.  Length of time that transmitters remained attached to individuals of
Nyctophilus geoffroyi and Chalinolobus gouldii.  Figures are mean number of days ±
SD, with sample sizes in parentheses.  Excluded from this analysis are individuals that
were located only once (due to flood conditions), or whose transmitter failed
prematurely.
Nyctophilus geoffroyi Chalinolobus gouldii
Males 10.6 ± 4.9  (15) 11.0 ± 3.5  (12)
Non-breeding females 10.6 ± 2.0  (11) 11.2 ± 2.4  (10)
Lactating females  3.9 ± 2.7  (18) 6.3 ± 3.2  (3)
individual for N. geoffroyi was 3.2 ± 2.3 (range 1-8), while for C. gouldii it was 3.6 ±
1.8 (range 1-6).  No roost data were obtained for six individuals of N. geoffroyi (five
females and one male); one individual was located from the air but could not be
located on the ground due to flooding, transmitters were lost from two bats before
they entered a roost, and the roost areas of three bats were never located.  Roost sites
were located for all radio-tracked individuals of C. gouldii, except two females; one
whose general roost location was determined from the air but ground access was
thwarted by flooding, and the other whose transmitter malfunctioned soon after
attachment.
To assess differences between maternity roosts and those used by non-breeding
females, 20 lactating females of N. geoffroyi were tracked, resulting in the location of
36 maternity roosts (Table 4.1).  Three lactating females of C. gouldii were tracked
with eight maternity roosts located.
4.3.2   Location of roosts in the landscape
There was a marked difference in the spatial location of roosts used by male and
female N. geoffroyi in relation to landscape elements (χ2 = 79.4, df = 5, p < 0.001),
despite all individuals having been trapped in the same locations.  Almost 90% of
roosts used by males were in the farmland mosaic with 10% in the extensive
floodplain forest.  Males roosted in most landscape elements; the most frequently used
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were small remnants, scattered trees and the vineyard (Table 4.3).  Sixteen roosts were
in trees isolated from other wooded vegetation; for example, one roost regularly used
by a male was in a mature tree 150 m from the nearest other tree, while another was in
open pasture in a metre-high tree stump.
Table 4.3.  Type of landscape element in which roosts of Nyctophilus geoffroyi
and Chalinolobus gouldii were located, and the proportion of the study area
represented by each element.  Small remnants were all less than 5 ha.  Values are
the percentage of roosts in each landscape element.
Landscape element Percentage Nyctophilus geoffroyi Chalinolobus gouldii
of study
area
Males Non-
breeding
females
Lactating
females
Males Females
Floodplain forest 24.8 10.6 68.3 100.0 90.2 100.0
Small woodland remnant  0.8 31.8 22.0 2.4
Roadside  2.2 4.5
Streamside  2.8 7.3
Scattered trees  3.8 24.2 9.8
Vineyard  0.3 25.8
Urban  0.2
Farmland devoid of trees 65.1 3.0
No. of roosts 66 41 36 41 51
Landscape elements were not used by male N. geoffroyi in proportion to their
availability (χ2 = 343.3, df = 7, p < 0.001).  Even within remnant woodland vegetation
in the farmland mosaic (i.e. excluding floodplain forest and open farmland devoid of
trees) there was a significant difference (χ2 = 45.4, df = 5, p < 0.001), with small
woodland remnants and the vineyard used more frequently than expected.  The
distribution of roosts of females also differed significantly from the relative
availability of landscape elements (χ2 = 218.4, df = 7, p < 0.001).  Only 17% of roosts
were in remnant vegetation in the farmland mosaic with 83% in the floodplain forest.
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Notably, all maternity roosts of N. geoffroyi (n = 36) were in the floodplain forest;
none were found in the farmland area.  Roosts used by non-breeding females were
also significantly biased in relation to landscape pattern (χ2 = 131.6, df = 7, p <
0.001), largely due to the absence of roosts in open farmland devoid of trees, and a
higher proportion than expected in small woodland remnants.
In contrast to N. geoffroyi, there was no significant difference between the sexes of
C. gouldii in the distribution of roosts in the landscape (χ2 = 5.2, df = 2, p > 0.05).
The distribution of roosts for both sexes was strongly biased towards the floodplain
forest (χ2 = 172.9, df = 7, p < 0.001) (Table 4.3).  Only 4% of roosts were within the
farmland mosaic, despite all individuals being initially trapped there.
In farmland, all N. geoffroyi roosts were within 50 m of the edge of the remnant
woodland, whereas in the floodplain forest of Barmah forest roosts were located up to
4.5 km from the forest edge.  In Barmah forest, maternity roosts were significantly
closer to the forest edge than roosts occupied by non-breeding females (maternity
roosts 767 ± 706 m, non-breeding roosts 2969 ± 1503 m; t-test on log-transformed
data, t = 5.25, p < 0.001).  For C. gouldii, there was no significant difference (t = 0.27,
p = 0.784) between males and females in the mean distance at which roosts within
Barmah forest were located from the forest edge (males 1438 ± 1730 m, females 1524
± 1208 m).
4.3.3   Relationship between roosting and foraging areas
The sites where bats were initially caught were subsequently found to be regular
foraging areas for radio-tracked individuals.  For example, during May 1993, the eight
individuals radio-tracked were recorded foraging at their capture site on most nights
that they were monitored (mean 91%, range 43-100%).  Consequently, in this chapter
the capture point is used as representative of an individual’s foraging area, although it
is recognised that individuals would also forage in other locations.
Seventy-five percent of radio-tracked males of N. geoffroyi (for which roosts were
located) roosted within 1 km of their capture point, and 88% roosted within 3 km (Fig.
4.2) (mean 1.9 ± 2.9 km).  Two individuals were exceptions, both roosting in Barmah
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Fig. 4.2.  The distance between the capture site (indicative of foraging area) and
the centre of each individuals’ roost area (cluster of roost trees) for Nyctophilus
geoffroyi and Chalinolobus gouldii.  Distances are: 0 = 0-0.9 km; 1 = 1.0-1.9 km;
etc.
a) Nyctophilus geoffroyi
b) Female Nyctophilus geoffroyi
c) Chalinolobus gouldii
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forest some 9 km to the north and west of the capture site (Fig. 4.3).  For female
N. geoffroyi, the separation between roost area and capture site was much greater
(mean distance 6.7 ± 2.9 km) (Fig. 4.4).  Only 16% (four individuals) roosted within
3 km of the capture point; most females roosted within Barmah forest, 6-12 km to the
north or north-west of where they were captured (Fig. 4.4).  All lactating females of
N. geoffroyi, roosted in Barmah forest, 4-10 km from where they were trapped in the
farmland mosaic (Fig. 4.4).
Most individuals of C. gouldii roosted in Barmah forest, 4-10 km to the north and
west of their capture site at a mean distance of 6.9 ± 1.6 km (n = 25) (Fig. 4.5).  Many
roost areas were within 1 km of the forest edge, although some individuals roosted up
to 6 km from the edge.  These individuals, therefore, moved up to 6 km across
forested areas to forage in the farmland mosaic.  Unlike N. geoffroyi, males and
females of C. gouldii displayed similar patterns in the spatial location and separation
of roosts and foraging areas (Fig. 4.2).  Only one individual roosted other than to the
north and west of the capture point: a male which used four different roosts in remnant
woodland along a creek line in the farmland mosaic, 8 km south-east from the capture
point (Fig. 4.5).
4.3.4   Roost locations and forest structure in Barmah forest
For both species, 1 ha plots surrounding roost trees in Barmah forest had significantly
more hollow-bearing trees than did plots representing available habitat in the forest
(t-test, p < 0.001 for both species) (Table 4.4, Fig. 4.6).  As there may be a
relationship between the diameter of a tree and the density of surrounding trees, the
density of hollow-bearing trees around roost trees of different sizes was compared.
There was no significant correlation between roost tree diameter and the density of
surrounding hollow-bearing trees (r = -0.126, df = 152, p > 0.05).  Thus, the
preference for roosting in forest stands with a high density of hollow-bearing trees is
independent of the selection of individual roost trees.
When N. geoffroyi roosted within the forest, they occupied sites with significantly
greater numbers of dead hollow-bearing trees of all size classes, whereas C. gouldii
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Fig. 4.3.  Roost areas of male Nyctophilus geoffroyi.  Stars represent initial capture
sites of all individuals within the farmland mosaic.  Circles represent the roost area
(cluster of roost trees) used by each individual.  In three instances the roost trees of an
individual were more than 700 m apart: these roosts are linked with a dotted line.  The
shaded area indicates Barmah forest and farmland is shown as white, with roads
indicated by single lines and Broken Creek by a double line.
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Fig. 4.4.  Roost areas of female Nyctophilus geoffroyi.  Circles represent the roost
area (cluster of roost trees) used by each individual, with non-breeding females shown
as solid circles and lactating females as white circles.  Refer to Fig. 4.3 for
explanation of other symbols.
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Fig. 4.5.  Roost areas of individuals of Chalinolobus gouldii.  Circles represent the
roost area (cluster of roost trees) used by each individual, with males shown as solid
circles and females as white circles.  Refer to Fig. 4.3 for explanation of other
symbols.
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N
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favoured forest stands where live hollow-bearing trees, especially large trees, were in
greater abundance (Table 4.4).  C. gouldii showed a significant preference for roosting
in forest habitat with a lower density of trees.  For N. geoffroyi, the number of hollow-
bearing trees in plots surrounding maternity roosts (n = 36) did not differ significantly
from plots surrounding roosts used by females during the non-breeding season
(n = 28), for either total hollow-bearing trees (t = 0.76, ns), or dead hollow-bearing
trees (t = 0.79, ns).
Table 4.4.  Comparison of measures of forest structure in 1 ha plots around roost
trees used by Nyctophilus geoffroyi and Chalinolobus gouldii, with systematically
located plots (‘available habitat’) in Barmah forest, south-eastern Australia.
Only roosts located within Barmah forest have been used in this comparison.  Values
are means per ha ± SD.  * p < 0.05,  *** p < 0.001, ns not significant.
Available Roost sites
N. geoffroyi p C. gouldii p
Number of plots 58 71 83
Total trees 174.4 ± 90.3 176.0 ± 97.6 ns 128.9 ± 66.9 ***
Saplings (< 10 cm DBH)  182.1 ± 144.2  137.0 ± 130.1 ns  163.3 ± 153.3 ns
Live trees with hollows
     Small (10-30 cm DBH) 0.10 ± 0.48  0.21 ± 0.56 ns  0.04 ± 0.19 ns
     Medium (31-70 cm DBH) 2.14 ± 3.38  3.32 ± 4.26 ns  4.37 ± 4.28 ***
     Large (> 70 cm DBH) 3.81 ± 3.46  4.46 ± 4.82 ns  6.32 ± 4.47 ***
     Total live trees with
          hollows
6.10 ± 5.48  8.00 ± 8.42 ns 10.73 ± 6.83 ***
Dead trees with hollows
     Small (10-30 cm DBH) 0.84 ± 1.15  2.61 ± 3.27 ***  0.90 ± 1.38 ns
     Medium (31-70 cm DBH) 2.84 ± 2.57  4.41 ± 4.49 *  3.54 ± 3.44 ns
     Large (> 70 cm DBH) 1.72 ± 1.51  3.04 ± 2.53 ***  2.08 ± 2.04 ns
     Total dead trees with
          hollows
5.39 ± 3.56 10.06 ± 7.61 ***  6.53 ± 5.24 ns
Total trees with hollows 11.50 ± 5.92 18.06 ± 9.03 *** 17.27 ± 7.05 ***
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Fig. 4.6.  The number of hollow-bearing trees in the vicinity of roost sites of
Nyctophilus geoffroyi and Chalinolobus gouldii in Barmah forest, compared with
the available density of hollow-bearing trees within the forest, as measured by 58
systematically-located plots (‘available habitat’).
a)  Nyctophilus geoffroyi
b)  Chalinolobus gouldii
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The density of dead hollow-bearing trees in plots surrounding roost trees of
N. geoffroyi in Barmah forest (10.1 ± 7.6 per ha) was higher than was available in
plots surrounding roost trees in the farmland mosaic (2.4 ± 3.5 per ha, n = 41, t = 7.20,
p < 0.001), or more generally available in other woodland remnants in the area (0.8 ±
1.3 per ha, n = 10, t = 9.41, p < 0.001).  Similarly, the density of live hollow-bearing
trees surrounding roost trees of C. gouldii in Barmah forest (10.7 ± 6.8 per ha) was
greater than generally available in woodland remnants in the farmland mosaic (6.1 ±
6.0 per ha, t = 2.05, p = 0.04).
4.4   Discussion
4.4.1   Use of the landscape
A striking result from this study was the spatial scale at which both N. geoffroyi and
C. gouldii used the farmland mosaic and adjacent floodplain forest.  At its inception,
the study aimed to investigate the roosting and foraging ecology of bats in farmland as
a basis for understanding their capacity to survive in highly fragmented landscapes
typical of south-eastern Australia.  Based on previous studies (Lunney et al., 1988,
1995; Taylor and Savva, 1988; Hosken, 1996) it was expected that individuals would
move one or two kilometres between foraging and roosting areas.  However, a greater
scale of movement was found here (4-12 km between nocturnal foraging areas and
day roosts for both species), such that bats trapped in farmland were able to roost in
the nearby floodplain forest.  Their mobility enabled potential access to a large spatial
area and wide array of landscape elements.
Both species actively discriminated in their use of habitats in the landscape, most
clearly shown by the predominance of roosts in Barmah forest.  Discrimination at the
landscape level was most evident for C. gouldii, with all individuals (except one male)
roosting in Barmah forest.  Use of the landscape by N. geoffroyi was more complex.
Females showed a strong preference for roosting in Barmah forest, especially during
lactation when all maternity roosts were in the extensive forest.  In contrast, males
primarily roosted close to foraging sites and used a range of landscape elements,
including heavily disturbed areas such as farm yards, vineyards and scattered trees in
farm paddocks.  It is in such areas that incidental observations of roosts of N. geoffroyi
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have often been made, for example in buildings, posts and hanging clothes (Lumsden
and Bennett, 1995b; Churchill, 1998), giving rise to the perception that the species is
opportunistic and non-selective in its use of roosts (Maddock and Tidemann, 1995).
Results from this study suggest that such observations are likely to be males or non-
breeding females, although maternity roosts are known from buildings, especially in
urban areas (Green, 1965; Reardon and Flavel, 1987; Tidemann and Flavel, 1987).
Why did bats roost in Barmah forest in preference to remnant woodland in the
farmland mosaic where they were trapped?  There are several possible hypotheses.
First, it is likely that individuals were responding to a greater overall abundance of
potential roost trees with favoured types of cavities in the extensive forest.  A high
density of suitable roost trees is also likely to be important, because all individuals
(including lactating females) frequently changed roosts (Chapter 6).  For example, the
density of dead hollow-bearing trees, favoured as roosts by N. geoffroyi (Chapter 5),
was four times greater in Barmah forest than around roosts in the farmland mosaic.
A second hypothesis is that there may be a lower risk of predation in the large forest
than in small remnants.  Although quantitative data on predation of bats are lacking,
potential predators such as laughing kookaburra Dacelo gigas, grey butcherbird
Cracticus torquatus, pied butcherbird C. nigrogularis and pied currawong Strepera
graculina occurred with greater frequency in small remnants and linear roadside
vegetation than in continuous forest (A. Bennett, pers. comm.).
An alternative question is why bats that roost in Barmah forest travel so far to forage
in the farmland mosaic?  Clearly, the forest provides foraging habitat because both
species have frequently been trapped, and foraging activity monitored by bat
detectors, in Barmah forest and other large forests in the Northern Plains and adjacent
areas of New South Wales (Lumsden et al., 1995; Law and Anderson, 1999; Chapter
2).  In New South Wales, Law et al. (1999) reported higher overall levels of feeding
activity by bats in large continuous forests than in small remnants, and higher levels of
activity by Nyctophilus spp., but not C. gouldii, in large forests than in small
remnants.  In my study area, however, individuals of both species travelled from roost
sites in large forests to forage, for at least some of the time in the farmland mosaic.  I
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suggest that farmland habitats are a favourable location for foraging.  This is
supported by the capture of lactating females in the farmland mosaic.  At a time of
high energetic demand (Kunz, 1987) and when these (Chapter 6), and similar species
return to the roost several times during the night to feed young (Barclay, 1989; Maier,
1992; Clark et al., 1993), it is unlikely that females would fly 4-10 kms from a
maternity roost in forest to forage in farmland remnants unless considerable
advantages would accrue.  Studies of other species have shown that to reduce the
energetic cost of returning to young, lactating females often forage closer to their
roost than do pregnant or non-breeding females (Clem, 1993; Shiel et al., 1999;
O'Donnell, 2001), although comparable distances have also been reported (Barclay,
1989; Jones et al., 1995).
Farmland habitats may provide a greater density or different composition of
invertebrate prey to continuous forest, or the structure of the vegetation may allow
more efficient foraging.  Both species forage predominantly around trees, and not in
open spaces devoid of trees (Lumsden et al., 1994; Chapters 2 and 3).  The more open
structure of remnant woodland in farmland, and a larger proportion of edge habitat,
may allow greater access around and among trees.  Such habitats may also harbour
invertebrates that spend part of their life-cycle in adjacent grassland.  Landsberg et al.
(1990) recorded a greater abundance of herbivorous insects on the foliage of eucalypt
trees in grazed woodland in farmland than on those in ungrazed habitats.  They
attributed this difference to higher levels of foliage nutrients in trees in stands among
which domestic stock graze and shelter, and enrich the soil with their faeces.
However, the extra water available in floodplain forests may provide productive
environments for invertebrates.  A preliminary investigation of prey availability in the
Northern Plains revealed a higher overall abundance of nocturnal flying invertebrates
in Barmah forest than in remnants in the farmland mosaic (Lumsden, unpublished
data).  Further investigation is required to quantify the availability and composition of
prey among different landscape elements.
4.4.2   Scale of movements between foraging and roosting sites
The flight pattern of N. geoffroyi has been described as slow, fluttery and highly
manoeuvrable (O'Neill and Taylor, 1986; Brigham et al., 1997a), leading to the
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perception that it is not suited to long distance flight (Hosken, 1996).  However, it
appears to have differing flight patterns for foraging and commuting.  Individuals
observed during this study showed slow manoeuvrable flight when foraging around
trees, but displayed faster and more direct flight when commuting (Lumsden et al.,
1994).  Gleaning species from Europe, e.g. greater mouse-eared bat Myotis myotis and
brown long-eared bat Plecotus auritus, show similar behaviour (Howard, 1995;
Arlettaz, 1999).
The distances moved between roost sites and foraging areas by female N. geoffroyi
were greater than expected based on wing morphology.  Jones et al. (1995) described
a relationship between foraging range and aspect ratio for 18 species of
Microchiroptera.  Based on their exponential equation (foraging range = 0.12 x
100.18(aspect ratio)), N. geoffroyi was predicted to forage 2.2 km from its roost site (aspect
ratio data from Norberg and Rayner, 1987).  This distance is consistent with the
movement pattern of males (mean distance 1.9 km), but severely underestimates
distances moved by females (mean 6.7 km).  Other radio-tracking studies of N.
geoffroyi have revealed movements between roost site and capture points of up to 1.2
km (n = 5 individuals, Hosken, 1996); a mean of 2.9 km in continuous forest (n = 14,
N. Schedvin, pers. comm.); and a record of a female moving 4.8 km from trap site to
where the transmitter was recovered (Taylor and Savva, 1988).  The observation that
female N. geoffroyi foraged further from their roosts than males is unusual for
vespertilionids.  Where differences have been recorded, it is usually males that fly
further (e.g. Adam et al., 1994a; Entwistle et al., 1996; Wilkinson and Barclay, 1997).
The greater distances moved by females in this study suggest that the arrangement of
habitats in the landscape is an influential factor.  There is evidence from other species
that variation in distances moved to forage corresponds with the relative availability
of roost sites or foraging areas (Morrison, 1978b; Geggie and Fenton, 1985; Brigham,
1991).  Further study of the foraging and roosting behaviour of N. geoffroyi in rural
landscapes where there is no extensive forest nearby would provide additional
insights.
Both male and female C. gouldii also travelled further between roost and foraging
areas than predicted by wing morphology (6.9 km vs predicted 3.0 km).  This result is
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less surprising than for N. geoffroyi because C. gouldii is larger and has a direct, rapid
flight pattern (O'Neill and Taylor, 1986).  The only other comparable radio-tracking
study on C. gouldii (Kirsten, 1998) was also conducted in a rural environment and
found that adult females mostly foraged within 6 km of their roost, with a maximum
distance of 13.6 km recorded.  In New Zealand, the long-tailed bat Chalinolobus
tuberculatus is also known to forage extensive distances (up to 19 km) from roost
sites (O'Donnell, 2001).
4.4.3   Selection for forest structure in roosting habitat
Within Barmah forest, N. geoffroyi and C. gouldii both displayed a preference for
roosting in forest stands that had a greater density of hollow-bearing trees than
generally available in the forest.  For N. geoffroyi this difference was due to
individuals roosting in stands with a significantly greater density of dead trees with
hollows, both large and small, while the density of live hollow-bearing trees did not
differ significantly from that available in the forest.  This is consistent with a
preference by this species for roost cavities in dead trees (Chapter 5).  Conversely,
C. gouldii showed no preference for forest stands with greater densities of dead trees,
but displayed a significant preference for stands with higher density of live trees with
hollows, particularly larger trees (31-70 cm and > 70 cm DBH).  Such large, live
hollow-bearing trees are those typically favoured as roost trees by this species
(Chapter 5).
These findings are consistent with an increasing number of studies that emphasise the
importance of mature forests for bats (e.g. Barclay and Brigham, 1996; Law, 1996;
Crampton and Barclay, 1998; Sedgeley and O'Donnell, 1999a).  Although regrowth
forests provide foraging habitat, the lower density of large, hollow-bearing trees may
mean that roost sites are limited.  Several studies in Australia have reported bats
foraging in regrowth forest but roosting in nearby mature forest (Lunney et al., 1985,
1988; Taylor and Savva, 1988).  However, the question remains as to whether bats
could roost successfully in regrowth forest if mature forest was not available, and the
effect this would have on breeding success and survival.  Law and Anderson (2000)
reported that the eastern forest bat Vespadelus pumilus roosted in retained habitat
among logged forests, and could find no evidence to suggest that roosts were limiting.
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They did, however, caution that long-term studies are required to investigate if
populations are viable in regrowth forest, or whether such habitat acts as a ‘sink’.
Forest stands with a high density of hollow-bearing trees may be favoured as roost
areas for several reasons.  First, individual bats switch roosts frequently, moving to a
new roost every 1-2 days, with subsequent roosts mostly within 300 m of the previous
roost (Chapter 6).  Consequently, numerous trees suitable for roosting are required in
close proximity.  Second, a high density of potentially suitable trees offers a greater
opportunity to choose high quality roosts.  This is particularly important during the
breeding season, when females require maternity roosts that have suitable
microclimatic conditions for their young (Sedgeley, 2001).
4.4.4   Implications for conservation
The scale of movement undertaken by these bats allows them to move widely through
the landscape and obtain resources from multiple landscape elements.  In this way,
their ability to respond to habitat fragmentation differs fundamentally from many
small ground-dwelling mammals whose populations are largely isolated by land uses
surrounding remnant habitats (e.g. Bright et al., 1994; Bennett, 1999).  Bats can
regularly move between and among multiple habitat patches to obtain food, roosts and
other resources (Law et al., 1999).  Consequently, conservation of bat populations in
rural environments needs to be considered at the landscape scale, with particular
attention to identifying those landscape elements that provide critical resources.
In this study area, foraging was concentrated around trees and occurred wherever
there were stands or scattered trees in the farmland mosaic; thus all types of remnant
vegetation amongst farmland has value as a habitat (Chapters 2 and 3).  Neither
species is dependent on closely-connected systems of habitat, as individuals were
observed flying across open gaps of > 1 km between remnant woodlands (Lumsden et
al., 1994).  I suggest that the most specialised requirement is for roosting habitat that
provides particular types of roost trees, especially for maternity roosts.  Forest stands
in Barmah forest that have a high density of hollow-bearing trees are an important
landscape element for bats in this study area.  In other rural environments where no
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extensive forest remains, remnants with a high density of hollow-bearing trees may be
a critical feature.
The preference for forest stands with a high density of hollow-bearing trees is
potentially at odds with forest management practices.  Trees of E. camaldulensis
typically commence hollow development at around 70 cm DBH, and the number of
hollows per tree increases with tree diameter (Bennett et al., 1994).  Harvesting
prescriptions in Victoria for forests dominated by E. camaldulensis (including Barmah
forest) provide for the retention of four live ‘habitat trees’ per ha (two of 50-100 cm,
two of 100-150 cm DBH), plus all trees > 150 cm DBH, with preference given to trees
with hollows (DNRE, 1998).  However, C. gouldii, the species most likely to be
affected by a reduced density of large trees, favoured forest stands in which there was
a mean density of > 10 live hollow-bearing trees per ha (Table 4.4).  A harvesting
episode which reduced the density to four hollow-bearing trees per ha could have a
major impact on the viability of a local population.  Management prescriptions
indicate that standing dead trees, favoured as roosts by N. geoffroyi, are to be retained,
although at the discretion of the logging supervisor (DNRE, 1998).
Finally, although both species are considered ‘generalists’ and are among the most
widespread bats in Australia, these observations show that they display a high level of
discrimination for roosting habitat.  Despite adapting to the rural environment, the
reduction of suitable roosting trees makes it unlikely that N. geoffroyi has benefited
from agricultural development as suggested by Maddock and Tidemann (1995).  At
the landscape level there is differential use of landscape elements for foraging and
roosting, with many individuals captured in the farmland mosaic undertaking large
movements to roost in the floodplain forest.  At the local level, bats display
preferences for forest stands that have a higher density of hollow-bearing trees than
generally available in the forest.  And, at the level of the individual tree, these species
also show significant roosting preferences (Chapter 5).  This study has shown that
roosting requirements are complex, even for common species, and must be an
important consideration in developing strategies for the conservation of this group.
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CHAPTER 5
Selection of roost sites by the lesser long-eared
bat Nyctophilus geoffroyi and Gould's wattled
bat Chalinolobus gouldii
Lesser long-eared bat Nyctophilus geoffroyi maternity roost in a fissure
on a dead tree.  The arrow points to the entrance.
This chapter has been published as:
Lumsden, L.F., Bennett, A.F. and Silins, J.E. (2002).  Selection of roost sites by the
lesser long-eared bat (Nyctophilus geoffroyi) and Gould's wattled bat (Chalinolobus
gouldii) in south-eastern Australia.  Journal of Zoology, London 257: 207-218.
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5.1   Introduction
Bats use a diverse range of structures as diurnal roost sites, including caves (Churchill
et al., 1997), tree hollows (Sedgeley and O'Donnell, 1999a), cavities formed under
bark (Foster and Kurta, 1999), foliage (Hutchinson and Lacki, 2000), tents (Balasingh
et al., 1995), bird’s nests (Schulz, 2000), and anthropogenic structures such as
buildings (Entwistle et al., 1997).  Roost sites in tree cavities are difficult to locate
and, consequently, for many species knowledge of roosting requirements is limited.
However, the advent of miniature radio transmitters has greatly facilitated studies on
the roost requirements of tree-hole roosting bats (e.g. Lunney et al., 1995; Vonhof and
Barclay, 1996; Brigham et al., 1997b; Betts, 1998; Rabe et al., 1998; Sedgeley and
O'Donnell, 1999a).
For tree cavities to be used as roosts they must provide a suitable microclimate and
protection from predators and external elements.  The internal microclimate can be
influenced by physical attributes, such as the size of the tree (Sluiter et al., 1973;
Alder, 1994); the type and amount of bark on the tree (Nicolai, 1986); the entrance
and internal dimensions of the cavity (Kurta, 1985; Sedgeley and O'Donnell, 1999b;
Sedgeley, 2001); the position of the cavity on the tree (Rieger, 1996); and the canopy
cover and density of surrounding vegetation (Wunder and Carey, 1996).  The risk of
predation is likely to be influenced by the entrance dimensions and height of the roost
above the ground (Tidemann and Flavel, 1987; Vonhof and Barclay, 1996).
It has been suggested (Vonhof and Barclay, 1996) that roost tree preferences of
temperate-zone bat species should be similar because they are subject to the same
selective pressures.  Few studies have tested this hypothesis because it is difficult to
obtain adequate sample sizes to examine potential differences between species (e.g.
Taylor and Savva, 1988; Vonhof and Barclay, 1996; Crampton and Barclay, 1998;
Grindal, 1998), or between sexes (e.g. Lunney et al., 1988, 1995; Campbell et al.,
1996; Herr and Klomp, 1999).  Many studies have concentrated on maternity roosts
(e.g. Brigham et al., 1997b; Betts, 1998; Ormsbee and McComb, 1998) but few have
compared roost requirements during the breeding and non-breeding seasons (e.g.
Mattson et al., 1996; Law and Anderson, 2000).  As roosting requirements may vary
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between males and females, and individuals in different reproductive condition, such
comparative research could provide new insights into roost site selection (Kunz and
Lumsden, 2003).
This study examines use of roost sites by the lesser long-eared bat Nyctophilus
geoffroyi and Gould’s wattled bat Chalinolobus gouldii in a rural environment in
south-eastern Australia.  Although both species are common and widespread in
Australia, there is limited information on roosting requirements.  Tree hollows and
exfoliating bark are the most common natural sites used as day roosts by N. geoffroyi
(e.g. Hosken, 1996; Turbill, 1999).  In urban and rural areas N. geoffroyi also roosts in
buildings (Tidemann and Flavel, 1987) and anecdotal observations have revealed
roosts in mud bird’s nests, clothing hanging in sheds, canvas awnings, fence posts and
under rocks on the ground (Lumsden and Bennett, 1995b).  C. gouldii is known to
roost in tree hollows and buildings (Dixon and Huxley, 1989; Lumsden and Bennett,
1995c; Kirsten, 1998), but there is little detailed information on roost site selection.
This chapter is part of a broader study of the roosting ecology of these species within
a rural environment in south-eastern Australia (see also Chapters 4 and 6).  The
objectives of this component were:
• to determine the physical characteristics of roosts and roost trees used by
N. geoffroyi and C. gouldii;
• to compare characteristics of roost trees with those of other trees in the
surrounding environment;
• to investigate inter- and intra-specific differences in the physical attributes of roost
sites.
5.2   Methods
5.2.1   Study area
The study was undertaken near Picola in northern Victoria, Australia (35o59’S,
145o05’E).  The area is used primarily for agriculture and has been extensively cleared
of native vegetation, leaving a mosaic of remnant woodland amongst broad expanses
of cleared farmland.  Remnant vegetation is dominated by the eucalypts grey box
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Eucalyptus microcarpa, black box E. largiflorens and yellow box E. melliodora.
Several small fragments of white cypress-pine Callitris glaucophylla occur on
elevated sandy soils.  Trees of this species have an average height of 14 m and, unlike
eucalypts which may attain a diameter at breast height (DBH) exceeding 1 m,
C. glaucophylla grows to approximately 30-40 cm DBH.  Adjacent to the farmland is
an extensive forest (29,000 ha) on the floodplain of the Murray River.  Most of the
forest is managed primarily for timber production (Barmah State Forest), with a
smaller section (Barmah State Park) dedicated to nature conservation.  The floodplain
forest is dominated by river red gum E. camaldulensis, primarily occurring as single
species stands, with a narrow strip of E. largiflorens bordering the farmland.
Silvicultural practices in the 1930-40s resulted in numerous large trees being killed by
ringbarking, examples of which are still standing.  The study area is described in more
detail in Chapter 4.
5.2.2   Location of roosts
Roost sites were located by radio-tracking bats during the day.  Bats were initially
trapped by using harp traps (Austbat P/L, Lower Plenty, Victoria, Australia) while
they foraged at night in remnant vegetation in farmland.  Most (n = 35) individuals of
N. geoffroyi were caught in a small remnant (3.6 ha) of C. glaucophylla.  This remnant
had a high density of dead trees (approximately 40%) as a result of an extended period
of flooding 20 years prior to the study.  The majority of individuals of C. gouldii (n =
24) were trapped in nearby roadside vegetation dominated by E. microcarpa.
Radio-tracking was conducted during March, May, November and December 1993,
and February, March and November 1994.  During this time 45 individuals of
N. geoffroyi and 27 C. gouldii were fitted with small transmitters (predominantly
Holohil Systems, Carp, Ontario, Canada, Model BD-2B, mass 0.65 g), representing 8-
10% of the body mass of N. geoffroyi and 5-6% for C. gouldii.  Subsequent
observations suggested that the weight of the transmitter had minimal impact on
roosting behaviour (Chapter 4).  Transmitters were glued to the dorsal surface of the
bat with Vetbond (3M Animal Care Products, Germany), after trimming a small area
of fur to enable firm attachment to the skin.
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Males, non-breeding females and lactating females were tracked to investigate intra-
specific differences in selection of roosts (n = 14, 11 and 20 respectively for
N. geoffroyi and 12, 12 and 3 for C. gouldii).  The term ‘non-breeding females’ refers
to females outside the breeding season.  As breeding is synchronous, and all female
N. geoffroyi breed each year (Lumsden and Bennett, 1995a), it was not possible to
compare maternity roosts with non-breeding roosts during the breeding season.
Bats were released at the point of capture on the same night, or the following night at
dusk.  They were subsequently tracked to diurnal roost sites using Telonics receivers
(Mesa, Arizonia USA) with omni-directional and H-frame antennae.  Initial locations
of roosts distant from the capture site were determined from a small aircraft
(Chapter 4).  Roost sites for each individual were located every day for which the
transmitter remained attached and operating (range 1-17 days).
Once roost sites were located, data collected included the tree species or type of
structure in which the roost was located, and its height and DBH.  The exact location
of the roost within the tree was found either by seeing the bat (e.g. under exfoliating
bark), by observing the transmitter aerial protruding from the roost, or by observing
the bat emerging at dusk, with the aid of a nightscope (Litton Night Vision Goggles,
Tempe, Arizona, USA) when light levels were low.  For these precisely known roost sites,
the height of the roost, the type of hollow, and the aspect and orientation of the roost
were recorded.  Entrance dimensions of the roost were measured (if accessible) or
estimated (if inaccessible).  For non-circular entrances (e.g. under bark, fissures) the
width and length of the opening was recorded.  Where the roost was high above
ground (e.g. > 4 m) and was not watched at dusk, it was usually not possible to locate
the exact site of the roost within the tree.  Trees were not climbed to accurately locate
these roosts, to avoid the risk of disturbing bats.  The decayed nature of dead trees, the
location of some roosts at the end of branches and the propensity of E. camaldulensis
to drop limbs also influenced this decision.  Bats were not trapped leaving roosts, so
no information is available on the sex of other individuals using the roosts.  In
subsequent analyses, the type of roost has been defined by the sex and reproductive
condition of the bat with the transmitter, although it is recognised that for colonial
roosts not all individuals are necessarily of the same sex or reproductive class.  Most
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male and non-breeding female N. geoffroyi roosted alone, while roosts of C. gouldii
and maternity roosts of N. geoffroyi were mainly communal (Chapter 6).
To determine whether bats selected particular types of trees for roost sites, all trees
within a 1 ha area surrounding the roost were counted and assigned to one of four size
categories (< 10 cm, 10-30 cm, 31-70 cm, or > 70 cm DBH), and the number of
hollow-bearing trees in each category was recorded (see Bennett et al., 1994).
Statistical comparisons were made using Student’s t-test, or Mann-Whitney U-test
where variances were unequal.  χ2 tests were used to compare frequencies between
groups, with Yate’s correction for continuity used for tests with one degree of
freedom.
5.3   Results
5.3.1   Roost structures used by N. geoffroyi and C. gouldii
A total of 139 roosts was located for N. geoffroyi and 89 for C. gouldii.  N. geoffroyi
roosted in a wide variety of structures including trees, fallen and decayed timber and
artificial structures (Table 5.1).  Males and females differed in their use of these three
main types (Contingency table, χ2 = 34.640, df = 2, p < 0.001).  All roosts used by
females were in trees or the remains of trees, whereas 32% of roosts used by males
were in artificial structures (Table 5.1; Plate 5.1).  There was also a significant
difference between males and females in the tree species in which roosts were located
(χ2 = 57.394, df = 4, p < 0.001) (Table 5.1).  For females, 81% of roosts were in
E. camaldulensis, whereas for males only 10% of roosts in trees were in this species.
This difference can be attributed to the geographic location of roosts; most of those
used by females were in Barmah forest (Chapter 4) where E. camaldulensis is the
dominant tree species.  In contrast, most roosts used by males were in the farmland
mosaic where E. camaldulensis is uncommon and E. largiflorens and E. microcarpa
are dominant.
All roosts occupied by C. gouldii were in trees, with none in artificial structures
despite the availability of buildings in the rural environment.  For both sexes more
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than 95% of roosts were in E. camaldulensis, with a few in E. largiflorens and
E. microcarpa (Table 5.1).
Table 5.1.  Tree species or types of structures in which diurnal roosts were
located for Nyctophilus geoffroyi and Chalinolobus gouldii.  Values are percentages
of roosts in each type of structure.
Type of roost structure Nyctophilus geoffroyi Chalinolobus gouldii
Males Females Males Females
Tree
    Callitris glaucophylla 33.3 14.1
    Eucalyptus camaldulensis  6.1 80.8  95.1 100.0
    E. largiflorens  4.5  1.3  2.4
    E. microcarpa 13.6  1.3  2.4
    Myoporum platycarpum  3.0  1.3
    Total trees 60.6 98.7 100.0 100.0
Fallen or decayed timber
    Tree remains  1.5  1.3
    Log  4.5
    Stump  1.5
    Total fallen or decayed
         timber
 7.6  1.3
Artificial structures
    Wooden strainer post 18.2
    Shed  7.6
    Bolt hole in wooden cart  1.5
    Crack in cement trough  1.5
    Crack in wooden tank stand  1.5
    Wooden block on metal
         frame
 1.5
    Total artificial structures 31.8
Number of roosts 1 66 78 41 51
1  Three roosts were used by two radio-tracked individuals of N. geoffroyi and one roost was
used by three N. geoffroyi, while three roosts were used by more than one radio-tracked
C. gouldii, resulting in the total number of roosts being less than the sum of the roosts for each
sex.
Male and female N. geoffroyi both favoured dead trees for roosts (Fig. 5.1a); only
21% of roosts were in live trees.  This preference is even more apparent when
compared with the availability of live or dead trees (Fig. 5.1c), as determined by the
proportion of each in 1 ha plots around known roost trees.  While only 19% of trees in
the vicinity of the N. geoffroyi roosts (n = 19,808 trees) were dead, 79% of known
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roosts were in dead trees.  However, because dead trees are more likely to contain
hollows than live trees (Bennett et al., 1994), this comparison was repeated using only
hollow-bearing trees (n = 1450); N. geoffroyi still showed a significant preference for
dead trees (χ2 = 28.751, df = 1, p < 0.001).  There was no significant difference
between females in the breeding and non-breeding season in the proportions of live
and dead trees used as roosts (χ2 = 0.245, df = 1, p > 0.05).
Plate 5.1.  One male Nyctophilus geoffroyi used a bolt hole in this old cart,
indicated by the arrow, as a roost site.
In contrast, individuals of C. gouldii primarily roosted in live trees (Plate 5.2), with
63% and 67% of roosts used by males and females, respectively, in live trees (Fig.
5.1b).  In comparison with the availability of trees within 1 ha plots surrounding
known roosts, C. gouldii also showed a bias towards dead trees (χ2 = 126.089, df = 1,
p < 0.001); dead trees comprised 6% of all trees (n = 10,903) but 35% of roosts were
in dead trees.  However, if this comparison is limited to hollow-bearing trees (n =
1398), there was no significant difference between the proportion of dead trees used
as roosts and those available (χ2 = 0.265, df = 1, p > 0.05).  Thus, C. gouldii appears to
use dead trees for roosts in proportion to their relative availability as hollow-bearing
trees.
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Fig. 5.1.  The condition of roost trees used by Nyctophilus geoffroyi and
Chalinolobus gouldii, and the availability of dead and live trees in the
surrounding area.  a) Roosts of Nyctophilus geoffroyi.  b) Roosts of Chalinolobus
gouldii.  c) The proportion of dead and live trees in 1 ha plots surrounding each
roost tree for both species.
a) Nyctophilus geoffroyi
b) Chalinolobus gouldii
c) Proportion of trees in 1 ha plots
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The condition (dead or live) of the tree limb or trunk at the position of known roosts
(n = 108 for N. geoffroyi; n = 68 for C. gouldii) was assessed by its external
appearance. Most roosts (87%) used by N. geoffroyi were situated within dead wood
(Fig. 5.2) reflecting the preference for roosting in dead trees.  Males and non-breeding
females had a similar frequency of occurrence of roosts in dead wood (males 82%,
non-breeding females 84%; χ2 = 0.059, df = 1, p > 0.05).   However, a significantly
higher proportion (97%) of roosts used as maternity sites were within dead wood (χ2 =
3.956, df = 1, p < 0.05), compared with those used by males and non-breeding
females.  A high proportion of roosts occupied by C. gouldii (78%) were also in dead
timber, even though 65% of the trees in which they roosted were live.  Females
occupied roosts in dead limbs more frequently than did males (females 88%, males
64%; χ2 = 3.892, df = 1, p < 0.05).
Fig. 5.2.  The proportion of roosts of Nyctophilus geoffroyi and Chalinolobus
gouldii in dead and live limbs.
a) Nyctophilus geoffroyi
b) Chalinolobus gouldii
0
20
40
60
80
100
Dead Live
P
er
ce
nt
ag
e 
of
 ro
os
ts Males
Females
0
20
40
60
80
100
Dead Live
P
er
ce
nt
ag
e 
of
 ro
os
ts Males
Females
Chapter 5 – Roost site selection
130
Plate 5.2.  A typical roost tree used by Chalinolobus gouldii: a large diameter, live
Eucalyptus camaldulensis in Barmah forest.
5.3.2   Dimensions of roost trees
The percentage of roost trees in each of three size-classes is compared in Fig. 5.3 with
the size-class distribution of trees in 1 ha plots surrounding each roost tree (pooled
data).  This comparison is restricted to roost sites in Barmah forest where the
dominant tree species is E. camaldulensis, because there are differences in growth
form and diameter at maturity between the eucalypts and C. glaucophylla.  Both
species roosted in large trees (> 70 cm DBH) in a higher proportion than their
availability (N. geoffroyi χ2 = 108.47, df = 2, p < 0.001; C. gouldii χ2 = 153.77, df = 2,
p < 0.001).  Large trees provided 51% of roost sites used by N. geoffroyi although
only 4% of trees in the area were in this size class.  This pattern was even more
evident for C. gouldii, for which only 6% of trees in the vicinity of roosts were large
trees, but 90% of roosts were in trees of this size.
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Fig. 5.3.  Tree size classes in which roosts of Nyctophilus geoffroyi and
Chalinolobus gouldii were located, compared with the availability of these size
classes in the surrounding 1 ha plot.  Small is 10-30 cm DBH; medium is 31-70 cm
DBH; and large is > 70 cm DBH.
a) Nyctophilus geoffroyi
b) Chalinolobus gouldii
Females of N. geoffroyi roosted in trees of larger diameter than did males (Table 5.2).
There was also a highly significant difference in the mean diameter of roost trees used
by lactating females compared to those used by females outside the breeding season
(Table 5.2).  Trees used as maternity roosts were predominantly large, ring-barked
E. camaldulensis in Barmah forest (Plate 5.3).  The diameters of roost trees used by
males and non-breeding females were more similar, although those used by males
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were still significantly smaller (Student’s t-test, t = 2.28, p = 0.025).  Both sexes of
C. gouldii selected roost sites in large mature trees, with females roosting in larger
diameter trees than males (Table 5.2).  Trees selected as maternity roosts were not
significantly larger in diameter than those used by non-breeding females of C. gouldii.
Table 5.2.  Mean diameter (DBH) and height of roost trees, and mean height of
roosts used by Nyctophilus geoffroyi and Chalinolobus gouldii.  Trees, fallen timber
and wooden posts are included in this analysis; other artificial structures have been
excluded.  Figures are means ± SD, with sample sizes in parentheses.  Probability
values (p) are for Student’s t-tests: *** p < 0.001; ** p < 0.01; * p < 0.05; ns not
significant.
Males Females
(all)
p Non-breeding
females
Maternity
roosts
p
Nyctophilus geoffroyi
    DBH (cm) 42.4 ± 28.9 (57) 79.4 ± 48.6 (78) *** 57.4 ± 36.3 (42) 105.1 ± 48.9 (36) ***
    Height of tree (m) 9.1 ± 6.6 (62) 19.1 ± 7.4 (78) *** 17.4 ± 8.0 (42) 21.2 ± 6.1 (36) *
    Height of roost (m) 3.3 ± 2.9 (67) 8.7 ± 6.2 (61) *** 7.7 ± 6.2 (39) 10.3 ± 6.0 (22) ns
Chalinolobus gouldii
    DBH (cm) 109.4 ± 39.4
(41)
130.9 ± 46.7
(51)
* 129.7 ± 48.9
(43)
137.6 ± 34.4 (8) ns
    Height of tree (m) 25.2 ± 7.0 (41) 29.8 ± 7.7 (51) ** 29.8 ± 8.0 (43) 29.5 ± 6.2 (8) ns
    Height of roost (m) 14.5 ± 5.3 (30) 15.0 ± 6.9 (36) ns 14.1 ± 7.1 (28) 18.3 ± 4.9 (8) ns
The height of the tree or timber structure in which roosts were located differed
significantly between the sexes for N. geoffroyi, with females roosting in taller trees or
structures than males (Table 5.2).  In addition, lactating females selected roosts in
taller trees than non-breeding females.  The same pattern was evident for C. gouldii,
with roost trees used by females being significantly taller than those used by males.
However, there was no difference in the height of the trees in which roosts used by
lactating versus non-breeding females of C. gouldii were located.  Overall, the mean
height of roost trees used by C. gouldii was significantly greater than that for
N. geoffroyi (t = 11.9, p < 0.001).
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Plate 5.3.  A maternity roost of Nyctophilus geoffroyi located in a large diameter
dead tree in Barmah forest.
5.3.3   Height of roosts
Fifty percent of known roosts used by male N. geoffroyi were below 2 m and all were
below 15 m (Fig. 5.4).  In contrast, only 10% of roosts used by females were below
2 m, with some up to 25 m above ground.  The mean roost height for female
N. geoffroyi was significantly higher than for males (Table 5.2).  Maternity roosts
tended to be higher than roosts of non-breeding females, but this difference was not
significant.  Maternity roosts were mostly between 4 and 12 m above the ground, with
few below 4 m.  There was no significant difference, however, in the proportional
height (ratio of height of roost to height of roost tree) of roosts used by males and
females (t = 1.23, p = 0.22), or of maternity roosts compared to roosts of non-breeding
females (t = 0.59, p = 0.56).  Roosts under bark were significantly lower to the ground
than those in enclosed cavities (3.5 ± 2.1 m vs 7.7 ± 6.2 m; t-test with unequal
variances, t = 5.00, p < 0.001).
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Fig. 5.4.  The height of roosts for a) Nyctophilus geoffroyi, b) female Nyctophilus
geoffroyi and c) Chalinolobus gouldii.
a) Nyctophilus geoffroyi
b) Female Nyctophilus geoffroyi
c) Chalinolobus gouldii
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Chalinolobus gouldii, although roosting in taller trees than N. geoffroyi (Table 5.2),
occupied roosts at a similar proportional height in the tree (t = 1.78, p = 0.08).  There
was no significant difference in the mean height at which males and females of
C. gouldii roosted (Table 5.2).  All roosts used by C. gouldii were higher than 4 m
above the ground and there was a wide spread of heights up to 26 m (Fig. 5.4).  The
proportional height of the roost was similar for males and females (t = 1.38,
p = 0.172), and for maternity roosts and those used by non-breeding females (t = 1.14,
p = 0.260).
5.3.4   Types of cavities used for roosts
Roost cavities were grouped into five categories: under bark, weathered wood, fissure,
hollow and spout (Table 5.3).  Weathered wood was structurally similar to ‘under
bark’, but with the bat located under exfoliating wood rather than bark (e.g. strainer
posts that had begun to weather and crack; Plate 5.4).  In both of these situations the
bats were often visible and exposed to the elements.  Some roosts in weathered wood
were open from above and allowed in rain (and chemical sprays from a vineyard) and
were relatively exposed to the light and wind.  Male and female N. geoffroyi differed
significantly (χ2 = 16.527, df = 4, p < 0.005) in their proportional use of types of roost
cavities.  Approximately one third of roosts of both sexes were located under
exfoliating bark (Table 5.3), including that of dead C. glaucophylla and both live and
dead E. camaldulensis.  A further 20% of roosts used by males were located under
weathered wood.  The relative use of roosts under bark and in weathered wood by
N. geoffroyi was similar for males (56% of roosts) and non-breeding females (50%).
However, none of the precisely located maternity roosts (n = 15) were under bark, nor
were another 17 maternity roosts with unknown entrances, as there was no loose bark
on these roost trees.  Enclosed cavities, with entrances represented by spouts, fissures
and hollows, were also used extensively by N. geoffroyi (44% of roosts for males,
66% for females).  Of these three types, the greatest proportion were fissures (Table
5.3).  This was especially evident for maternity roosts for which 93% of roost
entrances were fissures (see photograph on the title page of this chapter).
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Table 5.3.  Types of cavities used as roost sites by Nyctophilus geoffroyi and
Chalinolobus gouldii.
Total Percentage of roosts
no.
roosts
Under
bark
Weathered
wood
Fissure Hollow Spout
Nyctophilus geoffroyi
  Males 55 36.4 20.0  21.8 14.5  7.3
  Females (all) 47 34.0 42.6  6.4 17.0
    Maternity roosts 15 93.3  6.7
    Non-breeding roosts 32 50.0 18.8  9.4 21.9
Chalinolobus gouldii
  Males 26  7.7 23.1 69.2
  Females 33  9.1 21.2 69.7
Plate 5.4.  Weathered wood on a strainer post in a vineyard that provided a roost
site for a male Nyctophilus geoffroyi.  Roost site is indicated by the arrow.
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All roosts used by C. gouldii were within enclosed cavities; none were found under
exfoliating bark or weathered wood (Table 5.3).  Spouts comprised 70% of roost
entrances (Plate 5.5), with fissures used infrequently.  There was no significant
difference between the sexes in the types of entrances to roost cavities (χ2 = 0.056,
df = 2, p > 0.05).
Plate 5.5.  A typical roost site of Chalinolobus gouldii: a dead spout with an
entrance dimension of approximately 10 cm.
5.3.5   Entrance dimensions of roost cavities
The mean size of the width of the cavity opening for N. geoffroyi was 2.5 ± 1.1 cm
(Table 5.4), with no significant difference between those used by males and females (t
= 0.39, p = 0.70), or between maternity and non-breeding female roosts (t = 0.69,
p = 0.50).  The length of roost entrances varied greatly, because some roosts under
exfoliating bark had narrow openings extending for up to 2 m.  The openings to roosts
used by C. gouldii had a mean diameter of 10.6 ± 5.7 cm.  There was no significant
difference in the width of the entrance between roosts used by males and females of
C. gouldii (t = 0.82, p = 0.42).
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The openings to roosts used by C. gouldii were significantly larger than those used by
N. geoffroyi (Mann-Whitney U-test, U = 125.0, p < 0.001).  This difference can partly
be attributed to the different types of roosts used by the two species (roosts under bark
and in fissures usually have smaller entrance dimensions).  However, where the
entrance to the roost was either a spout or a hollow, the average size of the width of
the entrance for roosts used by C. gouldii was still significantly larger than for N.
geoffroyi (U = 28.0, p < 0.001).
Table 5.4.  The width of the roost entrance for Nyctophilus geoffroyi and
Chalinolobus gouldii.  Values are means ± SD with sample sizes in parentheses.
Width of roost entrance (cm)
Nyctophilus geoffroyi
    Males  2.5 ± 1.3  (48)
    Females  2.6 ± 0.9  (29)
Chalinolobus gouldii
    Males 11.5 ± 6.4  (16)
    Females  9.9 ± 5.1  (20)
5.3.6   Orientation and aspect of the roost
For known roost sites, the angle at which the tree limb or structure containing the
roost deviated from horizontal was recorded.  The orientation of the internal cavity
could not be determined for most roosts, except those under bark and weathered wood
where the inside of the roost could be seen, and consequently this assessment is based
on external appearances.  There was a significant difference between the species in the
orientation of roosts used (U = 1002.5, p < 0.001).  Despite this difference, vertical
roosts were the predominant orientation for both species (Fig. 5.5).  Some of these
were spouts which opened vertically downwards, while others were in the top of dead
trees with the hollow oriented vertically upwards.  There was no significant difference
between the sexes of either species in their use of roost orientation (N. geoffroyi
U = -959.5, p = 0.307; C. gouldii U = 238, p = 0.962).
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Fig. 5.5.  The orientation of roosts of Nyctophilus geoffroyi and Chalinolobus
gouldii.
The aspect of the roost was not evenly distributed amongst the four main directions
for N. geoffroyi (χ2 = 13.96, df = 3, p < 0.01); a larger proportion of roosts faced north
(Fig. 5.6).  For C. gouldii, north was also the predominant aspect of roosts (Fig. 5.6),
but did not differ significantly from other aspects (χ2 = 4.41, df = 3, p > 0.05).
Fig. 5.6.  The direction faced by roosts of Nyctophilus geoffroyi and Chalinolobus
gouldii.
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5.4   Discussion
5.4.1   Roost site selection by N. geoffroyi and C. gouldii
Nyctophilus geoffroyi and C. gouldii are common and widespread species in Australia
that are known to roost in a wide range of structures, leading to the suggestion that
they show little or no selection for roosts (Tidemann and Flavel, 1987; Maddock and
Tidemann, 1995).  However, in this study, both species were highly selective and
displayed complex patterns of roost selection, with evidence of both inter- and intra-
specific differences in roosts occupied.
Nyctophilus geoffroyi roosted in a wide range of structures in the farmland area, while
trees were the predominant roost site in extensive forest.  Artificial structures were
also used, but all except one roost were in wooden structures and probably contained
cavities resembling those in trees.  Despite frequently roosting in buildings within
urban areas (Tidemann and Flavel, 1987), little use was made of buildings in the
farmland environment (8% of roosts).
All roosts used by C. gouldii in this study were in trees, the majority of which were
E. camaldulensis.  This reflects the dominance of E. camaldulensis in the floodplain
forest where C. gouldii primarily roosted (Chapter 4).  C. gouldii has been recorded
roosting in buildings, mainly in urban areas (Tidemann and Flavel, 1987; Dixon and
Huxley, 1989), but no roosts were found in human constructions in this study.  Unlike
some northern hemisphere species that readily accept artificial structures as roosts
(e.g. little brown bat Myotis lucifugus Fenton and Barclay, 1980; pipistrelle bat
Pipistrellus pipistrellus Thompson, 1992), C. gouldii and N. geoffroyi appear to
favour roosting in tree cavities if suitable trees are available.
The majority of roosts used by C. gouldii were in live trees, with dead trees used in
proportion to their availability as hollow-bearing trees.  In contrast, N. geoffroyi
favoured dead trees, which were used at a significantly greater frequency than their
availability.  Hosken (1996) and Turbill (1999) also reported a high proportion of
roosts in dead trees for this species, and Taylor and Savva (1988) found dead trees
used as roosts significantly more than expected based on their availability in the
Chapter 5 – Roost site selection
141
forest.  The use of dead or decayed trees as roosts is a common pattern in tree-hole
roosting bats in the northern hemisphere (Kunz and Lumsden, 2003).  However,
hollow ontogeny varies between tree species.  Some northern hemisphere species,
such as conifers, do not commence hollow formation until they die (Vonhof and
Barclay, 1996), and so it is not unexpected that roosts are predominantly in dead or
decayed timber.  In contrast, Australian eucalypts form hollows when live and healthy
(Mackowski, 1984), raising the question as to why N. geoffroyi favours dead timber.
Dead trees are generally less well insulated than live trees due to the absence of, or a
reduction in, the amount of bark and a lower water content in the wood (Maeda,
1974).  Most bats select well-insulated roosts (Sluiter et al., 1973; Rieger, 1996;
Sedgeley, 2001); therefore other reasons for using roosts in dead trees must be sought.
Several hypotheses are proposed.  First, although exfoliating bark occurs on many
species of live eucalypts, it is more likely to form on dead trees and hence selection of
roosts under bark may result in a bias towards dead trees.  However, there was no
difference in the proportion of under-bark roosts that were in dead trees compared
with the proportion of tree cavity roosts in dead trees (83% for both types).  Second,
the type of cavity or entrance dimensions preferred by N. geoffroyi may be more
prevalent in dead trees.  For example, fissures are more likely to occur on older,
decayed trees (Lindenmayer et al., 1993).  Ninety percent of roosts of N. geoffroyi in
fissures were in dead trees, compared to only 65% of roosts in other tree cavities
(hollows and spouts), although this difference was not significant (χ2 = 3.472, df = 1,
p > 0.05).  A third hypothesis is that there is less ‘clutter’ around dead trees enabling
easier access to the roost and lower risk of predation from aerial predators (Vonhof
and Barclay, 1996).  However, N. geoffroyi has a highly manoeuvrable flight pattern
(O'Neill and Taylor, 1986), and in this naturally open woodland vegetation, ‘clutter’ is
unlikely to influence roost selection.  The paucity of surrounding vegetation may,
however, influence thermal properties of the roost.  Roosts of N. geoffroyi more
commonly faced north than other directions, which would optimise exposure to solar
radiation.  Individuals typically enter torpor during the morning, arousing during the
middle of the day due to passive warming by the sun, and re-enter torpor in the
afternoon when the temperature drops (Turbill, 1999).  Selecting roosts exposed to the
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sun may provide energetic savings (McNab, 1982), which may be particularly
important for maternity colonies where females avoid deep torpor (Turbill, 1999).
Large trees were selected as roosts by both species at a greater frequency than their
availability in the landscape.  A similar pattern has been found for other Australian
tree-hole roosting bats, including chocolate wattled bat C. morio (Lunney et al.,
1985), northern long-eared bat N. bifax (Lunney et al., 1995), Gould’s long-eared bat
N. gouldi (Lunney et al., 1988), large forest bat Vespadelus darlingtoni (Herr and
Klomp, 1999) and eastern forest bat V. pumilus (Law and Anderson, 2000), and also
for species elsewhere in the world (e.g. Mattson et al., 1996; Brigham et al., 1997b;
Rabe et al., 1998; Sedgeley and O'Donnell, 1999a).  Tree diameter is significantly
correlated with the abundance of tree hollows for eucalypts in northern Victoria
(Bennett et al., 1994).  In E. camaldulensis, for example, hollow formation rarely
commences until trees are at least 50 cm in diameter and hollows are most abundant in
trees > 100 cm diameter.  At a diameter of 121 cm (the mean for roost trees used by C.
gouldii), there are on average five visible hollows per tree (Bennett et al., 1994).  In
addition to the number of hollows, the relative proportions of hollows of differing
entrance dimensions vary with tree size (Bennett et al., 1994).  Holes with medium
and large entrances, typical of those used by C. gouldii, are more common in large
trees.
Tree size can also influence the microclimate in hollows on the trunk, with larger trees
offering more protection against extreme temperatures (Sluiter et al., 1973; Alder,
1994).  However, it is less likely that the microclimate in hollows on outer branches,
such as those used by C. gouldii, would be influenced by trunk diameter.  For species
roosting in dense forests, tall trees that emerge above the canopy may be selected as
roosts because they receive greater warmth from the sun, and because they are easier
for bats to locate (Vonhof and Barclay, 1996; Betts, 1998).  Neither of these factors
are likely to be important here due to the open nature of the forests.  I suggest that the
selection of large trees is primarily because they provide the most abundant hollows of
the types favoured as roosts.
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Roosts used by C. gouldii were significantly higher above the ground than those used
by N. geoffroyi.  This difference can be attributed to the difference in roost structures
used by the two species, the types of trees in which they roosted and their flight
patterns.  Roosts used by C. gouldii were mainly in spouts, which occur in the canopy
of the tree where branch breakage or injury leads to the development of a hollow.  In
contrast, approximately one-third of roosts used by N. geoffroyi were located under
bark, mostly on the main trunk of the tree.  Exfoliating bark, particularly on E.
camaldulensis trees, is predominantly on lower sections of the trunk.  Roosts under
bark were significantly lower than were hollows used as roosts by N. geoffroyi.
Roosts under bark are more ephemeral, and likely to be cooler and have a lower
humidity compared to tree hollows (Crampton and Barclay, 1998).  Despite these
apparent disadvantages, N. geoffroyi and other bark roosting species (e.g. siver-haired
bat Lasionycteris noctivagans Mattson et al., 1996; California bat Myotis californicus
Brigham et al., 1997b; northern bat M. septentrionalis and Indiana bat M. sodalis
Foster and Kurta, 1999) choose to roost under bark even in areas where hollows are
abundant.
Chalinolobus gouldii has a fast, relatively unmanoeuvrable flight pattern (O'Neill and
Taylor, 1986) and mainly flies in spaces between vegetation.  Roosts in spouts in
outer branches high above ground are likely to have more free space below, and hence
greater access to the hollow.  In New Zealand, the long-tailed bat C. tuberculatus
which also has a moderate to fast flight pattern with limited manoeuvrability, roosts
predominantly in knot holes on the main trunk, selecting holes with little surrounding
vegetation to increase accessibility (Sedgeley and O'Donnell, 1999b).  The more agile
flight of N. geoffroyi allows it to exploit roosts low to the ground.  However, this does
not preclude it from roosting higher.  Roosts in hollows used by N. geoffroyi were
considerably lower than those used by C. gouldii (7.7 ± 6.2 m vs 14.8 ± 6.2 m),
although there was no difference between species in the proportional height of their
roosts in trees.
Most tree-hole roosting bats in south-eastern Australia select roosts with entrances
little larger than their body size (Tidemann and Flavel, 1987).  In this study, C. gouldii
roosted in cavities with entrances significantly larger than those used by N. geoffroyi.
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C. gouldii is larger than N. geoffroyi (mean mass 13.7 g vs 7.0 g; mean forearm length
44.6 mm vs 36.4 mm); however, the difference in dimension of roost entrances is
greater than expected due to size differences alone.  Tidemann and Flavel (1987)
reported that the average body depth of N. geoffroyi and C. gouldii was 1.4 cm and
1.6 cm, and average body width was 2.9 cm and 3.1 cm, respectively.  Thus,
N. geoffroyi predominantly used entrances that were slightly smaller than their body
width, while C. gouldii used entrances that were more than three times body width.
Roosts with small entrances may reduce competition for hollows with larger species
and reduce the risk of predation while in the roost, especially when bats are in torpor
(Tidemann and Flavel, 1987).  Little is known of predation rates of bats roosting in
tree hollows in Australia; however potential predators include cats, marsupial
carnivores, owls, snakes and goannas.  The low position of roosts used by N. geoffroyi
may subject them to a higher risk of predation than C. gouldii, and hence exert a
stronger influence on the size of roost entrance dimensions.  Smaller entrances would
assist in avoiding predation, but even widths as narrow as 2.5 cm may not provide
protection from some potential predators such as the marsupials yellow-footed
antechinus Antechinus flavipes or brush-tailed phascogale Phascogale tapoatafa,
especially where bats roost close to the entrance, as often occurs under exfoliating
bark.  Individuals of N. geoffroyi found roosting in these situations were usually alert
and responsive to disturbance, an observation also made by Tidemann and Flavel
(1987).  Roosts of C. gouldii were mainly in outer branches.  For larger climbing
predators, such as the tree goanna Varanus varius and feral cat Felis catus, known
predators of these species (Mansergh and Huxley, 1985; Dowling et al., 1994), spouts
at the end of dead limbs would be relatively inaccessible compared to exfoliating bark
on trunks.
In this study area, N. geoffroyi and C. gouldii have access to the same roosting
opportunities.  Despite this, there were marked differences in the types of roosts
selected.  Significant differences were found for all but two measured variables: both
species favoured large trees and roosts were located at a similar proportional height in
roost trees.  There were significant differences in the type of roost structure, condition
of roost tree (dead or live), height of roost tree, height of roost, and entrance
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dimensions to the roost.  These species also showed marked differences in the location
of their roosts in the landscape, but both selected areas in the floodplain forest which
had high densities of their preferred roost trees (Chapter 4).  These results are in
marked contrast to some other studies which found no differences in the types of
roosts selected by sympatric species (e.g. Taylor and Savva, 1988; Vonhof and
Barclay, 1996; Crampton and Barclay, 1998), perhaps due to more limited sample
sizes available in these studies.
5.4.2   Intra-specific differences in roost site selection
The roosting requirements of males and females, and of breeding and non-breeding
females, may differ as a result of differing physical and microclimatic requirements.
Pregnant and lactating females require a warm humid environment to enhance the
rapid development of the foetus and young, to optimise reproductive success (Racey,
1973; Tuttle, 1976).  The type of maternity roost and its entrance dimensions may be
influenced by the risk of predation on dependent young in the roost while the adults
forage.  In contrast, males and non-reproductive females may select cooler roost sites
that allow them to enter torpor, thus minimising energy expenditure (Hamilton and
Barclay, 1994).  Despite these potentially differing requirements, few studies have
investigated intra-specific differences in roost site selection.
There were marked differences in roosts selected by males and females, and by non-
breeding and breeding females of N. geoffroyi.  Females roosted higher in taller, larger
diameter trees than males, and there were differences in the tree species, type of roost
structure and type of cavity used.  Maternity roosts were particularly specific, with
most in large dead trees, in cavities with entrances formed by narrow fissures.
Outside the breeding season, half of the roosts used by females were under bark but
no maternity roosts were found in this situation.  Other studies have noted a small
number of maternity roosts of N. geoffroyi under bark (McKean and Hall, 1964;
Taylor and Savva, 1988; Turbill, 1999).  Roosts in tree cavities are likely to provide
greater protection and a more stable environment for dependent young than those
under bark, and are expected to be preferred if suitable cavities are available.  In this
study, all maternity roosts were in Barmah forest in areas with high densities of dead
trees (Chapter 4).  Similar observations have been reported for L. noctivagans in
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North America, which also roosts under bark during the non-breeding season, but
abandons these in favour of tree cavities for maternity roosts (Mattson et al., 1996).
The diameter of the roost tree for maternity roosts was larger than for roosts of non-
breeding females of N. geoffroyi.  By roosting in large trees, lactating females and
dependent young are likely to benefit from the greater insulation and more stable
temperatures.  Colony sizes in maternity roosts were significantly larger than in roosts
used by males or non-breeding females (Chapter 6), and so energetic savings may also
accrue from the clustering behaviour of a larger group of bats (Kurta, 1985; Sluiter et
al., 1973).  Despite using a wide variety of roost types and structures there was no
difference in entrance dimensions between roosts used by males, breeding and non-
breeding females.  I suggest that this consistent preference for narrow roost entrances
is an important component in roost selection for this species.
Female N. geoffroyi roosted in the same local area during both the breeding and non-
breeding seasons (Chapter 4), emphasising that specialized maternity roosts are a
consequence of selection for particular roost features.  Individuals roosted solitarily or
in small groups when non-breeding (Chapter 6), and the microclimates of cavities
selected at that time may enable easier entry into torpor.  If maternity roosts were used
throughout the year it may result in increased abundance of parasites or allow
predators to gain familiarity with roosts, with later detrimental consequences during
the breeding season.
There were less pronounced intra-specific differences in roosts used by C. gouldii.
There were no significant differences between males and females in the type of
cavities used, entrance dimensions to the roost, height of the roost or proportional
height of the roost in the roost tree.  However, females selected larger, taller trees than
males and used a higher proportion of dead limbs.  It is possible that there is less
segregation of the sexes in this species than for N. geoffroyi.  The relatively small
number of maternity roosts located (n = 8) limited comparisons between lactating and
non-breeding females; however, maternity roost trees tended to be taller and larger,
although this difference was not significant.  In contrast to N. geoffroyi, female
C. gouldii appear to use similar trees for maternity and non-breeding roosts.
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5.4.3   Implications for conservation
The availability of sufficient numbers of large trees with suitable hollows for roost
sites, particularly for maternity roosts, is a key issue in the conservation of these and
other species of tree-hole roosting bats.  In Barmah forest, roost sites were not
uniformly distributed, but were concentrated in areas with high densities of preferred
roost trees (Chapter 4).  As both species shift roosts regularly, a large number of roost
trees are required within a local area (Chapter 6).  Barmah forest is subject to selective
logging, with harvesting predominantly taking trees in the 60-100 cm size class.
Trees > 100 cm diameter are not targeted for timber production, but in recent years
silvicultural practices (‘release culling’) in Barmah forest have resulted in the
poisoning of approximately 1000 large old trees to reduce competition with sapling
regrowth.  Thus, forest management practices can have a major impact on both the
present availability and future supply of potential roost trees.
Remnant woodland vegetation in farmland often supports a higher density of hollow-
bearing trees than the floodplain forests managed for timber production (Bennett et
al., 1994).  However, the highly fragmented nature of remnant vegetation results in a
much lower overall availability of roost trees in the landscape.  In rural environments,
dead trees are often removed for firewood or for aesthetic reasons with little
recognition of their importance to the conservation of biodiversity.  In addition, the
long-term future of remnant vegetation is of serious concern.  Remnants on privately
managed land are often heavily grazed by stock and dominated by veteran trees, with
little or no regeneration to provide trees and tree hollows for the future (Bennett et al.,
1994), although there has been an increase in amenity plantings by rural landholders
in recent years.
Although being among the most widespread bat species in Australia and considered
habitat ‘generalists’, N. geoffroyi and C. gouldii both displayed a high level of
discrimination in the roost sites selected.  Clearly, roosting requirements, particularly
for maternity roosts, are an important issue in the conservation of even the most
common species.
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CHAPTER 6
The roosting behaviour of the lesser long-eared
bat Nyctophilus geoffroyi and Gould's wattled
bat Chalinolobus gouldii
A log on the ground used as a roost for a single day by a solitary male
Nyctophilus geoffroyi
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6.1   Introduction
Low levels of roost fidelity are characteristic of many tree-hole roosting bats in
temperate regions of the world (Lewis, 1995; Kunz and Lumsden, 2003).  The typical
pattern is for individuals or colonies to move roost sites on a regular basis, shifting
between a number of roosts within a defined roost area.  Some species shift roost site
almost every day (e.g. Rieger, 1996; O'Donnell and Sedgeley, 1999; Waldien et al.,
2000; Willis and Brigham, in press), while others remain in the same roost for longer
periods (e.g. Vonhof and Barclay, 1996; Menzel et al., 2002).  Although a number of
tropical species remain faithful to tree-hole roosts for extended periods (e.g.
Vehrencamp et al., 1977; Morrison, 1979; Fenton et al., 1993), few temperate species
follow this pattern (Kunz and Lumsden, 2003).
A number of benefits from regularly shifting roost sites have been proposed:
decreased predation risk; a lower ectoparasite load; familiarity with a range of
microclimatic conditions in roosts; and decreased commuting costs to foraging areas
(Lewis, 1995).  Roost fidelity is influenced by the type of roost occupied, with high
levels of fidelity related to more-permanent roosts, and inversely related to roost
availability.  There is likely to be intra-specific variation in roost fidelity with
differences between sexes and reproductive states, however, little information is
available on this aspect (Lewis, 1995).
Colony size also plays a key role in social organisation and roosting behaviour.  Bats
that roost in tree hollows or beneath exfoliating bark often form small groups (Kunz
and Lumsden, 2003).  Some species typically roost in colonies of less than 10
individuals (e.g. Lunney et al., 1995), although most are somewhat larger in number
(e.g. Brigham, 1991; O'Donnell and Sedgeley, 1999; Menzel et al., 2002).  Intra-
specific variation is evident.  Males roost alone more often than do females (e.g.
Tidemann and Flavel, 1987; Speakman et al., 1991; Law and Anderson, 2000), and
maternity colonies are generally larger than non-breeding aggregations (e.g. Mattson
et al., 1996).
Roosting behaviour has implications for conservation because it influences the
number of roost sites that are required in an area, and the number of individuals that
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those roosts can support.  In many regions the availability of tree hollows has been
reduced by changes in land use, and may be a limiting factor in the distribution and
abundance of species (Bennett et al., 1994; Newton, 1994).  This can occur both in
forested areas, due to practices like timber harvesting, and in highly modified
environments such as agricultural areas due to habitat loss.  Whether roost sites are
limited will depend on three aspects – how specialised species are in their roost
selection, the availability of these preferred roost trees, and the number of trees
required by a colony or individual.  Investigations of roosting behaviour will help to
elucidate the latter point.
This study investigates the roosting behaviour of two species of vespertilionids, the
lesser long-eared bat Nyctophilus geoffroyi and Gould’s wattled bat Chalinolobus
gouldii, in a rural landscape of south-eastern Australia.  The study area consists of
farmland which has less than 5% tree cover dispersed amongst it, and an adjacent area
of extensive floodplain forest.  Two parallel studies found that most males of
N. geoffroyi roosted in the farmland within 3 km of where they were captured.  In
contrast, roost sites used by female N. geoffroyi were predominantly in the extensive
forest, 6-12 km from their capture site in farmland.  All maternity roosts were in the
forest (Chapter 4).  Both males and females of C. gouldii roosted in the floodplain
forest, 4-10 km from their capture site in the farmland (Chapter 4).  Both species were
highly selective in their choice of roosts and there were marked intra- and inter-
specific differences (Chapter 5).  N. geoffroyi males and females outside the breeding
season, roosted in tree hollows and under exfoliating bark, predominantly in dead,
small to medium-sized trees.  No maternity roosts were located under bark; most were
in narrow fissures in large, dead trees (Chapter 5).  In contrast, C. gouldii of both
sexes typically roosted in dead spouts in large, live eucalypt trees (Chapter 5).
Little is known of the roosting behaviour of these species.  Most available information
for C. gouldii is for individuals roosting in buildings, and little is known about
behaviour in natural roosts.  Dixon and Huxley (1989) undertook a long-term study of
a colony roosting in a house in the suburbs of Melbourne, Victoria.  Colony size
remained relatively stable at 20-30 individuals, dominated by adult females and their
young.  Colonies of up to 180 individuals have been recorded in buildings (Simpson,
1962; Young, 1980).  N. geoffroyi roosting in tree cavities have been recorded to shift
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roost sites every one to two days with subsequent roosts often within 200 m (Hosken,
1996; Turbill, 1999).  Males usually roost solitarily, while female-dominated groups
form, especially during the breeding season, with colonies of up to 20 individuals
recorded (Tidemann and Flavel, 1987; Turbill, 1999).  Colony sizes in buildings may
be larger; a mixed-sex colony of approximately 200 individuals was reported in a
building in South Australia (Reardon and Flavel, 1987).
To examine how individuals use roosts in tree cavities, and to investigate inter- and
intra-specific differences in roosting behaviour, this study addressed the following
questions:
• how frequently do individuals shift roost sites?
• what factors influence roost fidelity?
• what is the spacing of roosts within individuals’ roost areas?
• what factors influence colony sizes?
6.2   Methods
6.2.1   Study area
The study was conducted in a rural landscape, north-west of Picola in northern
Victoria, Australia (35o59’S, 145o05’E).  The area consisted of small remnants of
native vegetation in farmland and an adjacent extensive floodplain forest along the
Murray River (Barmah forest).  The study area is described in more detail in Chapters
4 and 5.
6.2.2   Location of roosts
Bats were initially caught by harp traps (Austbat Research Equipment, Lower Plenty,
Victoria, Australia) while active at night in remnant vegetation in farmland, 6-7 km
south-east of Barmah forest.  Radio-tracking was conducted during March, May,
November and December 1993, and February, March and November 1994.  A total of
45 individuals of N. geoffroyi and 27 C. gouldii were fitted with radio transmitters
(predominantly Holohil Systems, Carp, Ontario, Canada, Model BD-2B).  Males, non-
breeding females and lactating females were tracked to investigate intra-specific
differences in roosting behaviour (n = 14, 11 and 20 respectively for N. geoffroyi and
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12, 12 and 3 for C. gouldii) (Chapter 4).  Non-breeding females were tracked in
February – May and lactating females were tracked during November and December.
No transmitters were attached to pregnant females, due to weight considerations.
Transmitters were glued to the dorsal surface of the bat with Vetbond (3M Animal
Care Products, Germany), after trimming a small area of fur to enable firm attachment
to the skin.
Bats were released at the point of capture on the same night, or the following night at
dusk.  They were subsequently tracked to diurnal roost sites using Telonics receivers
(Mesa, Arizona USA) with omni-directional and H-frame antennae.  A total of 139
roosts was located for N. geoffroyi and 89 roosts for C. gouldii (Chapter 5).  For the
majority of individuals, roost sites were located every day for which the transmitter
remained attached and operating (N. geoffroyi 7.9 ± 0.7 days, range 1-17 days;
C. gouldii 10.5 ± 0.7 days, range 4-14 days; Chapter 4).  The exception to this was
when Barmah forest was flooded, when roosts had to be accessed by canoe or
motorbike.  By locating roost sites each day, the number of consecutive days that an
individual spent in the same roost (residence time) and the proportion of days on
which an individual shifted to a new roost could be determined.  Roost sites were
checked during the first few hours after dusk to make sure that transmitters were still
attached, and that individuals were active, having left the roost to forage.  The
locations of each individual’s roosts were plotted and the distance between
consecutive roosts measured.  A mean value was then calculated for each individual
for the distance between consecutive roosts.
The number of individuals using a roost was determined either directly, by looking
briefly into the roost (e.g. under bark), or for the majority, by watching bats exit from
the roost at dusk.  To do this, one observer was positioned unobtrusively near the roost
tree from before dusk until the emergence was considered complete (approximately 15
mins after the last bat had exited).  C. gouldii emerges from its roosts early in the dusk
period (Lumsden et al., 1998) and the number of individuals using the roost could be
accurately determined by observing silhouetted shapes against the evening sky.  In
contrast, N. geoffroyi emerges later in the dusk period (Lumsden et al., 1998)
necessitating the use of a nightscope (Litton Night Vision Goggles, Tempe, Arizona,
USA).  It was not possible to determine the number of individuals using every roost,
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due to the number of bats tracked concurrently (up to 15), the number of people
conducting the field work (usually two or three), the frequency at which individuals
shifted roosts and the difficulty in determining the exit point in trees with multiple
roosting opportunities.  Roosts were classified as solitary if only a single individual
was present, or communal if there were two or more individuals.  No trapping was
undertaken at roosts, to avoid the possibility of influencing roost fidelity.  For roosts
occupied by more than one individual, the roost is defined by the sex of the bat
carrying the transmitter (although it is recognised that not all individuals in a roost
may be the same sex).
On several occasions roosts were monitored for the entire night to determine how
frequently individuals returned to the day roost during the night.  This was undertaken
by manually monitoring the telemetry signal from a vehicle positioned near the roost
tree.
6.2.3   Data analysis
Data were analysed using SPSS for Windows (Version 11.0).  Data are presented as
means ± SE.  Frequency data were analysed by χ2 tests, with Yate’s correction for
continuity for tests with one degree of freedom.  Continuous data were log10
transformed where it improved normality.  Where distributions remained non-normal,
Mann-Whitney U-tests were used.
6.3   Results
6.3.1   Number of individuals in roosts
Both N. geoffroyi and C. gouldii roosted either solitarily or in small groups.  The
number of individuals recorded from roosts, where known, is shown in Fig. 6.1, with
each roost represented by one data point.  Data for males and females are shown
separately, based on the sex of the individual carrying the transmitter.  The majority
(88%) of roosts occupied by male N. geoffroyi contained only a single individual.
Only one roost used by a male had more than three individuals: in this roost 15 N.
geoffroyi were present in the 2 m high remains of an old tree.  This roost was re-
checked each day for the next week (it was possible to see inside the roost), but was
empty on each occasion.  Thirty-eight percent of roosts occupied by female
Chapter 6 – Roosting behaviour
154
N. geoffroyi contained only one individual.  During the non-breeding season, females
roosted in colonies of up to seven individuals.
Fig. 6.1.  Numbers of individuals recorded in roosts used by Nyctophilus geoffroyi
(males n = 41 roosts; females n = 24 roosts) and Chalinolobus gouldii (males n =
14 roosts; females n = 18 roosts), in the Northern Plains of Victoria.
a)  Nyctophilus geoffroyi
b)  Chalinolobus gouldii
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An accurate count of the number of individuals using maternity roosts could be made
at seven roosts, with colony sizes significantly larger than for non-breeding roosts
(maternity 18.3 ± 5.7, non-breeding 2.4 ± 0.5; U = 3.50, p < 0.001).  The largest
maternity colonies contained 36 and 43 individuals, which may have included recently
flying young.  Colony sizes of non-breeding females were more similar to males but
still significantly larger (2.4 ± 0.5 vs 1.5 ± 0.3 respectively; U = 221.00, p = 0.003).
Communal and solitary roosts differed significantly in proportional occurrence in
relation to the type of cavity: communal roosts of N. geoffroyi were more often in tree
hollows than under bark (χ2 = 10.391, df = 1, p = 0.001, n = 106).  This pattern was
predominantly due to all maternity sites being located in hollows (Chapter 5) and all
being communal.  For pooled data of males and females outside the breeding season,
there was no significant difference in the proportional occurrence of communal or
solitary roosts in either hollows or under bark (χ2 = 1.401, df = 1, p = 0.237, n = 90).
There was a weak positive correlation between colony size and the diameter of the
roost tree used by N. geoffroyi (rs = 0.255, p = 0.040, n = 65).  (Data on the diameter
of roost trees are presented in Chapter 5.)
Several of the roost areas occupied by solitary male N. geoffroyi overlapped with
those of other solitary males, and particular roosts were used by multiple individuals
at different times.  This suggests that solitary males do not defend roost areas or roost
sites.  During autumn when mating occurs (Hosken, 1997), all N. geoffroyi males were
in solitary day roosts (n = 29 roosts), except for three roosts in which two individuals
were present.  Limited observations suggest that mating may occur at night, with
males searching for females located in roosts.  During May, when the overnight
minimum temperature ranged from 5 to -2oC, female N. geoffroyi were largely
inactive (representing 5% of captures during May, n = 18 individuals, compared with
67%, n = 137 individuals, at other times of the year).  The single female tracked in
May left its roost on only 3 of the 14 nights that it was monitored (with the transmitter
known to be attached and functioning), remaining inactive on the other 11 nights.  In
contrast, all males tracked (n = 7) during this period left their roosts every night at
dusk (n = 76 bat-nights) and were active for at least several hours each night.  One
night at 2200 hrs (4 hours after dusk), a male with a transmitter visited the roost of the
female with the transmitter and the two bats were judged (by the location of their
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transmitter signals) to be within 5 cm of each other.  The male shed its transmitter at
this time, and as no bats were observed to leave the roost the following evening at
dusk, it is assumed it left this roost sometime during the night, and did not use it as a
day roost.
The number of individuals in roosts occupied by C. gouldii was greater than for
N. geoffroyi (8.7 ± 1.4 vs 3.5 ± 0.9 respectively; U = 405.0, p < 0.001).  Twenty-one
percent of roosts used by male C. gouldii had a single individual, while 5% of roosts
used by females were solitary (Fig. 6.1).  However, in general, colony sizes in roosts
occupied by males and females (based on the individual carrying the transmitter) were
similar (males 9.2 ± 2.2, n = 14, females 8.3 ± 1.9, n = 18; t = 0.013, df = 30, p =
0.989).  The largest assemblage observed for a roost occupied by a female C. gouldii
was 29 individuals and the largest for a roost occupied by a male was 26 individuals.
The average colony size for roosts used by lactating females tended to be larger than
for females outside the breeding season (14.2 ± 4.9, n = 5, and 6.1 ± 1.5, n = 13,
individuals respectively), but the difference was not significant (t = 1.812, df = 16, p =
0.089).  There was no significant correlation between colony size and the diameter of
roost trees used by C. gouldii (r = 0.252, p = 0.165, n = 32).
6.3.2   Duration of roost use
Individual N. geoffroyi frequently shifted roost sites.  A high proportion of roosts
(72% of male and 62% of female roosts) were occupied for only a single day during
the tracking period (Fig. 6.2). The mean length of time spent consecutively in the
same roost was 1.8 ± 0.1 days (range 1-12 days, n = 148).  There was no significant
difference between male and female N. geoffroyi in the time spent in a roost before
moving to another (males 1.7 ± 0.2 days, n = 79; females 1.9 ± 0.2 days, n = 69;
U = 2498.0, p = 0.292).  All roosts used by males were occupied for five or less
consecutive days, except for one male, roosting singly, who returned (after foraging
each night), to the same roost on 12 consecutive days.  For the first three days after the
transmitter was attached, this individual used three different roosts before moving to
this repeatedly used roost.
There was a trend for lactating females to shift roosts more frequently than non-
breeding females (residence time 1.5 ± 0.1 days, n = 26, and 2.1 ± 0.3 days, n = 43,
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Fig. 6.2.  Number of consecutive days that individuals of Nyctophilus geoffroyi
and Chalinolobus gouldii spent in the same roost, in the Northern Plains of
Victoria.
a)  Nyctophilus geoffroyi
b)  Chalinolobus gouldii
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respectively) but this difference was not significant (U = 494.0, p = 0.353).  These
shifts would involve carrying the young in flight to the new roost, and as N. geoffroyi
typically has twins (Hosken, 1997), this may involve two journeys.  One lactating
female tracked for 11 consecutive days used eight different roost sites, of which six
were used for only one day.  The roosts used by this female were monitored
continually from dusk until dawn on two consecutive nights in November 1994.  The
behaviour was similar on both nights (Fig. 6.3).  It left the roost at dusk and foraged
away from the roost area for 2.5 hours.  On returning to the area, it entered this roost,
remaining for 20 mins before flying to a new roost 80 m distant.  It returned to the
initial roost for a brief time and then again flew to the new roost.  Although direct
observations could not be made, it is likely that the female was shifting its young
between roosts during this time.  The female then remained in the new roost for
approximately 30 mins before resuming foraging.  It later returned once more to the
new roost (presumably to suckle its young), then undertook another foraging bout
before returning to this roost one hour prior to sunrise.
Chalinolobus gouldii also shifted roosts regularly, with 2.0 ± 0.1 days (range 1-9 days,
n = 109) being the mean residence time in the one roost.  There was no significant
difference in the frequency with which males and females remained in roosts (males
2.1 ± 0.2 days, n = 52, females 2.0 ± 0.2 days, n = 57; U = 1474.5, p = 0.961).  A large
proportion of C. gouldii roosts were used for only one day (51% for roosts used by
males and 48% for females), although these values were lower than for N. geoffroyi
(Fig. 6.2).  Most roosts were used for less than six consecutive days.  A limited
amount of data were collected from three lactating female C. gouldii.  These
individuals also shifted roost site regularly; for example, one female occupied three
different roosts in five days, while another occupied three roosts over eight days.
6.3.3   Number of roosts used
Individuals of both species used a large number of roosts during the tracking period.
To investigate the overall use of roosts, the cumulative number of roosts used by each
individual was plotted against the number of days for which it was tracked (Fig. 6.4).
The cumulative number of roosts used by individuals of N. geoffroyi had not reached
an obvious asymptote within 11 days.  The rate of increase in new roosts used by
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Fig. 6.3.  Activity patterns of a lactating female of Nyctophilus geoffroyi that
shifted roosts on two consecutive nights in Barmah forest.
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individuals of C. gouldii appeared to slow after 10-13 days of tracking, at a level of
about 5 roosts per individual.
Although individuals shifted roosts frequently, at times they returned to a previous
roost on subsequent days.  Using only those individuals for which roosts were located
for seven or more consecutive days, and where individuals were known to be active
each night (n = 21 individuals), 16.8% ± 4.6 of N. geoffroyi roosts were re-used within
the same tracking period (mean days tracked 10.0 ± 0.5, range 7-15 days).  Males
tended to re-use roosts more frequently than did females (males 19.9% ± 5.6, n = 13;
females 11.6% ± 8.0, n = 8), but this difference was not significant (U = 37.50,
p = 0.256).
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Fig. 6.4.  Cumulative numbers of roosts used by individuals of Nyctophilus
geoffroyi and Chalinolobus gouldii with time radio-tracked.  Values shown are
means (± 1 SE) based on at least seven individuals (sample sizes shown in figures
above SE bars).
a)  Nyctophilus geoffroyi
b)  Chalinolobus gouldii
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Chalinolobus gouldii re-used roosts at a similar rate to N. geoffroyi with 20.3% ± 6.5
of roosts re-used later within the same tracking period (mean days tracked 10.9 ± 0.6,
range 7-14, n = 18).  Males of this species also tended to re-use roosts more frequently
than did females (males 26.6% ± 10.8, n = 9; females 14.1% ± 7.3, n = 9) but this
difference also was not significant (U = 30.50, p = 0.354).
6.3.4   Influences on roost fidelity
To investigate the influence of roost permanency on roost fidelity, the residence time
of N. geoffroyi roosting under bark (considered relatively ephemeral) was compared to
the time spent in roosts located in tree hollows (considered more permanent; data on
roosts under bark vs hollows are from Chapter 5).  In contrast to the expectation of a
greater length of residency in tree hollows, there was no significant difference
between the roost types (under bark 2.0 ± 0.3 days, n = 37; hollow 1.7 ± 0.2 days, n =
91; U = 1644.50, p = 0.806).
The influence of colony size on roost fidelity was also investigated.  There was no
significant difference in the frequency with which individuals of either species shifted
roosts when roosting solitarily or communally (N. geoffroyi, percentage of days a
roost change occurred n = 122 days: solitary roosts 48%, communal roosts 44%, χ2 =
0.030, df = 1, p = 0.863; C. gouldii n = 104 days, solitary 36%, communal 32%, χ2 =
0.000, df = 1, p = 1.000).  There was no significant correlation between colony size
and the number of days spent consecutively in the same roost for individuals of
N. geoffroyi (rs = 0.070, p = 0.584, n = 63 roosts).  There was, however, a weak
positive correlation for C. gouldii (rs = 0.355, p = 0.046, n = 32): individuals were
likely to remain longer in roosts with larger numbers of individuals.
To assess whether trapping and attaching a transmitter to bats affected their roost-
switching behaviour, the number of roost changes that occurred after the first day was
compared to the percentage of roost changes that occurred later in the tracking period.
For C. gouldii there was no significant difference in the rate of change (first night
38%, subsequent nights 43%; χ2 = 0.077, df = 1, p = 0.781, n = 199).  However,
N. geoffroyi individuals changed roosts significantly more often immediately after
capture (after first night 70%, subsequent nights 48%; χ2 = 4.206, df = 1, p = 0.040,
n = 234).  Most individuals of both species returned to what was subsequently
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determined to be their normal roosting area on the first day after release, indicating
that attachment of the transmitter did not alter this aspect of their behaviour.  The only
exceptions were attributed to bad weather or lack of time to return to the roost area.
One male C. gouldii, released on dusk during cool and windy weather, entered a roost
800 m from the release point and remained there until the weather improved two days
later.  It then went to its roosting area 7.2 km away, to which it repeatedly returned for
the rest of the time it was tracked (11 days).  Two lactating females of N. geoffroyi,
released at dawn, entered temporary roosts less than 500 m from the release point and
did not return to their normal roost areas (5-6 km away) until the following night.
6.3.5   Spacing of roosts
When individuals of either species moved to a new roost it was usually to another
nearby.  All roosts used by individuals of N. geoffroyi were less than 900 m from the
preceding roost used by that individual, with the exception of one non-breeding
female that alternated between roosting in its usual roosting area, where it used a
number of roosts close together, and in its main foraging area which was 2.9 km
distant.  For most individuals (70%), the mean distance between consecutive roosts
was less than 300 m (Fig. 6.5).  Females tended to move greater distances between
roosts than did males, although this difference was not significant (males 272.2 ± 52.9
m, n = 14 individuals; females 365.0 ± 130.3 m, n = 16; t = 0.690, df = 28, p = 0.496).
The value for females is strongly influenced by the individual that alternated between
its roosting and foraging area; if data from this individual is removed the mean
distance was similar to that of the males (244.2 ± 52.1 m, n = 15).  Consecutive
maternity roosts tended to be closer than roosts used by females outside the breeding
season (191.1 ± 51.2 m, n = 7, and 290.7 ± 87.0, n = 8 respectively), but this
difference was not significant (t = -0.890, df = 13, p = 0.390; these values exclude the
atypical female mentioned above).
There was no difference in the distance between consecutive roosts for individuals of
N. geoffroyi that roosted in the extensive forest or in the farmland area where blocks
of trees were interspersed amongst cleared land (forest 216.8 ± 38.4 m, n = 13;
farmland [excluding the atypical female] 291.0 ± 87.0 m, n = 16; t = 0.094, df = 27,
p = 0.926).  Fig. 6.6 shows an example of the sequence of roosts used by a male
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Fig. 6.5.  Mean distances between consecutive roosts of Nyctophilus geoffroyi
(n = 30 individuals) and Chalinolobus gouldii (n = 22 individuals).
a)  Nyctophilus geoffroyi
b)  Chalinolobus gouldii
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Fig. 6.6.  The study area (a) and the location of roost sites of: (b) a male
Nyctophilus geoffroyi that roosted in the farmland environment, alternating
between roosts in a small remnant (shaded) and isolated trees in cleared land,
with the capture site indicated by the square; (c) a lactating female Nyctophilus
geoffroyi that roosted in Barmah forest, with the extent of an area with high
densities of dead trees indicated by the dotted line; and (d) a female Chalinolobus
gouldii that roosted in Barmah forest.  The capture site of all three individuals was
at location (b).  The numbers represent days after the bats were released with the
transmitter.
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N. geoffroyi roosting in remnant vegetation in farmland, and the maternity roosts of a
lactating female roosting in Barmah forest.
All maternity roosts of N. geoffroyi were located in Barmah forest, whereas in the
non-breeding season 31% of females roosted in the farmland environment (Chapter 4).
Limited evidence suggests that females may shift their roosting area from the
farmland mosaic to Barmah forest for the breeding season.  One adult female was
tracked twice.  In March it was caught and subsequently found to roost in a small
remnant in farmland.  In November, when it was lactating, although again caught in
this remnant, it roosted in Barmah forest, 7.2 km north-west of its previous roost area.
In contrast, three males were tracked twice (first in May, and then in
November/December), and each used the same roost area on both occasions although
selecting different roosts sites (only one roost was used in both seasons).
For C. gouldii, the mean distance between consecutive roosts for 82% of individuals
was less than 300 m (Fig. 6.5).  The greatest distance between any two consecutive
roosts was 1.0 km.  The overall mean distance was 204.8 ± 24.6 m, with no significant
difference between males and females (males 201.4 ± 54.5 m, n = 9 individuals;
females 207.2 ± 20.4 m, n = 13; t = 0.112, df = 20, p = 0.912).  An example of the
sequence of roosts used by an individual C. gouldii in Barmah forest is shown in Fig.
6.6.
6.4   Discussion
6.4.1   Colony sizes
Individuals of both N. geoffroyi and C. gouldii roosted either solitarily or in small
groups, with maternity colonies larger than non-breeding aggregations.  Similar
colony sizes have been recorded elsewhere for these species, with male N. geoffroyi
found to predominantly roost solitarily and females in groups of up to 10 individuals
(reviewed in Chapter 8).  Hosken (1996) found that both sexes of N. geoffroyi roosted
solitarily in south-west Western Australia, but his study was conducted during autumn
and winter and no information was available from summer, when communal groups
are more likely to form.  There is little comparable information available for
Chapter 6 – Roosting behaviour
166
C. gouldii roosting in tree hollows, although several roosts located by Tidemann and
Flavel (1987) contained less than 10 individuals, and three roosts found by Kirsten
(1998) had 10-25 individuals.  Small to moderate-sized colonies are formed by other
tree-hole roosting species of Chalinolobus (Churchill, 1998; O'Donnell and Sedgeley,
1999).
A number of benefits of communal roosting by bats have been suggested (Kunz, 1982;
Brigham and Fenton, 1986; Rossiter et al., 2002).  These include a reduction in the
risk of ambush predators through safety in numbers; transfer of information about the
local environment, such as the location of roosts and foraging resources; maintenance
of social relationships; a reduction in thermoregulatory costs due to clustering
behaviour; and, if suitable roost sites are in short supply, a requirement for fewer
roosts.  All are feasible explanations for communal roosting by N. geoffroyi and
C. gouldii, especially for the larger-sized maternity colonies.  Clustering behaviour
may be particularly important during the period when non-volant young are unable to
thermoregulate (Roverud and Chappell, 1991).  Both species were highly selective in
their choice of maternity roosts, with large old trees used as roost sites in greater
proportion than their availability in the landscape (Chapter 5).
When individuals did roost in colonies they generally occurred in groups of less than
10 individuals.  These are relatively small groups compared with some other tree-hole
roosting species (e.g. Brigham, 1991; Vonhof, 1996; O'Donnell and Sedgeley, 1999).
Vonhof (1996) suggested that the diameter of the roost tree may set an upper limit to
the size of the colony.  A positive correlation between the tree size and colony size for
N. geoffroyi in this study was due largely to maternity roosts being in larger trees than
roosts used by males and non-breeding females (Chapter 5), and maternity colonies
always being communal.  Tree size had less influence on colony size for C. gouldii as
most roosts used by both males and females of this species were in large, old trees
(Chapter 5).
If there are benefits to roosting communally, why did many individuals, especially
male N. geoffroyi, roost solitarily?  The internal dimensions of their roost cavities
were large enough to accommodate multiple individuals.  Other individuals occurred
nearby, providing the opportunity to roost communally, but they apparently chose not
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to do so.  Individuals do not appear to defend roost sites, as a number of solitary male
N. geoffroyi had overlapping roost areas and used the same roost at different times.
However, roosting solitarily may reduce detection by predators, and minimise the
build-up of parasites in roosts.  There may also, at times, be thermoregulatory benefits
for individuals, as roosting alone may facilitate entry into torpor.  There may also be
energetic costs in roosting communally, as coordinating roost movements would take
extra time and energy, compared to roosting solitarily.
Little is known of the mating system in these species.  If, as suggested earlier,
N. geoffroyi mates at night in the female’s day roost, there may be no reproductive
disadvantage to males roosting solitarily during the day.  However, the possibility that
a small number of dominant males roost with females during the day, and that the
males tracked in this study were all sub-ordinates, can not be discounted.  In some
species, males roost communally to maintain a high body temperature to facilitate
spermatogenesis (Entwistle et al., 1998).  However, for N. geoffroyi, spermatogenesis
occurs in summer to early autumn and mating takes place in autumn (March – May;
Hosken et al., 1998).  Summer temperatures are generally warm to hot, and hence the
thermoregulatory cost of maintaining sufficient body temperature to promote
spermatogenesis may not require communal roosting.
A smaller proportion of roosts occupied by C. gouldii were used solitarily compared
with N. geoffroyi.  There was little difference between male and female C. gouldii in
the size of colonies in which radio-tracked individuals occurred, or in other aspects of
their roosting behaviour.  Roost site selection and the location of roosts in the
landscape were also similar for both sexes (Chapters 4 and 5).  This suggests either
that both sexes behave in the same way, or that there is little segregation between
sexes and that the roosts observed contained mixed-sex colonies.  In a building roost
occupied by C. gouldii, Dixon and Huxley (1989) found that both sexes roosted
together, but that females outnumbered males three to one.  In New Zealand, 15% of
individuals in maternity roosts of the long-tailed bat Chalinolobus tuberculatus were
adult males (O'Donnell and Sedgeley, 1999).
No other species were identified within or leaving the roosts used by radio-tracked
individuals of N. geoffroyi or C. gouldii.  It is possible, however, that Gould’s long-
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eared bat N. gouldi may have been present in roosts used by N. geoffroyi, because in
this area, the size of these species is similar (Lumsden, 1994) and they would be
difficult to distinguish in flight on leaving the roost.  N. gouldi, however, is relatively
uncommon in the study area (Lumsden et al., 1995; Chapter 2).
6.4.2   Patterns of use of roost sites within the roost area
Individuals of N. geoffroyi and C. gouldii were faithful to a discrete roost area,
returning there consistently from distant foraging sites (Chapter 4), but frequently
moved between roosts within that area.  The average time spent consecutively in a
roost by N. geoffroyi was less than 2 days, similar to residence times recorded for this
species elsewhere in Australia (Hosken, 1996; Turbill, 1999).  No published
information is available on the fidelity of C. gouldii roosting in tree cavities.  Other
members of the genus Chalinolobus and Nyctophilus also move between roosts on a
regular basis (Lunney et al., 1988, 1995; O'Donnell and Sedgeley, 1999).
Males and females of both species moved between roosts at a similar rate.  There was
no significant difference in the frequency with which lactating and non-breeding
female N. geoffroyi shifted between roosts, although the trend was for lactating
females to move roosts more frequently.  This contrasts with the pattern for some
other tree-hole roosting bats, for which females in maternity roosts remain for longer
periods (Mattson et al., 1996; Law and Anderson, 2000; Kurta et al., 2002).  Higher
levels of roost fidelity by lactating females may be due to the energetic costs of
moving non-volant young between roosts, or to a limited availability of suitable
maternity roosts (Kunz and Lumsden, 2003).  Once the young commence flying,
females and their young may shift roosts more frequently to familiarise the young
with the location and microclimate of other roost sites used by the colony.  However,
for N. geoffroyi, switching roosts frequently during lactation may mean that young
commence this familiarisation process before they start flying.  Maternity roosts were
relatively close together (approximately 200 m) and so this transfer of young is likely
to take only minutes.  In New Zealand, in an area with abundant roost sites, lactating
females of C. tuberculatus shifted roosts as frequently as did non-breeding females
(O'Donnell and Sedgeley, 1999).  This may suggest that in other studies a lack of
available roost sites influences the rate of shifting (Kunz and Lumsden, 2003).  Both
N. geoffroyi and C. gouldii in this study selected areas of the forest that had higher
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densities of their preferred roost trees than generally available (Chapter 4), which may
have provided sufficient roosting resources to facilitate frequent roost switching.
Females carrying young are rarely caught during nightly trapping (Lumsden,
unpublished data).  When it does occur, it is likely to result from females transferring
their young between roosts, rather than carrying them in flight while foraging.  If the
inference made here, about female N. geoffroyi moving young between roosts (Fig.
6.3), is correct, it suggests that females shift their young to the subsequent day roost
early in the night rather than just prior to dawn.  Nothing is known of the dynamics of
how these colonies abandon a roost, or how the shift to a new roost is coordinated.  In
New Zealand, females of C. tuberculatus also return to the roost and move their young
less than 3 hr after nightly emergence, although it is not known whether the young
were transferred directly to the new day roost (O'Donnell and Sedgeley, 1999).  In
contrast, some species undertake circling behaviour around roosts prior to dawn to
advertise the location of the new roost (Vaughan and O'Shea, 1976; Kunz, 1982).
6.4.3   Reasons for shifting roosts
Why do N. geoffroyi and C. gouldii move between roosts so frequently?  There are
trade-offs between the benefits of remaining faithful to roosts and those of frequent
roost switching (Lewis, 1995).  Benefits of high site fidelity include maintenance of
social relationships and a greater familiarity with high-quality roosts, thus reducing
energetic costs incurred in locating suitable new roosts.  Potential benefits from
frequently switching roosts include reducing the energetic costs of commuting to and
from different foraging areas, reducing the risk of detection by predators and reducing
the number of parasites that accumulate in roosts.  It may also be due to disturbance at
roosts or to enable individuals to become familiar with a range of roost microclimates
(Lewis, 1995).
This study provides no evidence that regular switching of roosts reduced commuting
costs to foraging areas.  For both species, most roosts were within 300 m of each
other, while the distance between roosts and foraging areas was up to 12 km for
C. gouldii and female N. geoffroyi (Chapter 4).  Even male N. geoffroyi that roosted
1-3 km from their foraging area (Chapter 4), moved less than 300 m between roosts.
Lactating females that return to the roost several times during the night would receive
the greatest benefit from shifting roosts to be closer to foraging areas.  However, the
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evidence from this study suggests that the benefits of roosting in a discrete area where
there is a high density of suitable roosts outweighs the increased commuting costs
(Chapter 4).  A similar conclusion, that roost switching does not reduce commuting
costs, has been reached for other tree-hole roosting bats (e.g. Fenton et al., 1985;
Kurta et al., 1996; O'Donnell, 2001).
Roost switching behaviour may reduce the risk of predation.  Predation can occur
while bats are within roosts, and this may be especially problematic while bats are in
torpor, or for non-volant young left at night while females are foraging.  It may also
occur as bats exit from the roost on dusk.  Although little is known of the rate of
predation on tree-hole roosting bats in Australia, potential predators include cats,
marsupial carnivores, owls, currawongs, butcherbirds, snakes and goannas (Young,
1980; Speakman et al., 1994).  It could be expected that larger colonies would be
more obvious to both visual- and olfactory-orientated predators.  However, for both
species there was no difference in the rate at which individuals shifted between roosts,
for solitary or communal roosts.  For C. gouldii, however, there was a weak positive
correlation between the rate of shifting and the size of the colony.  The risk of
predation of non-volant young may explain why lactating females of N. geoffroyi
tended to shift between roosts at a greater frequency than did non-breeding females.
Roosting in cavities with narrow entrance dimensions has also been proposed as a
predator avoidance strategy for this species (Chapter 5).
No data were obtained in this study to test the proposal by Lewis (1995, 1996) that
bats may shift roost sites to avoid accumulations of parasites and to interrupt parasitic
life cycles.  It is not clear whether individuals would need to shift roosts so frequently
(i.e. every second day) to achieve this, and whether the re-use of roosts within the
10 day tracking period would enable continuation of the life cycle of parasites.
Parasite loads may be heavier on females than males (Jones, 1998), and strategies to
decrease parasite loads in maternity roosts may be particularly advantageous because
hairless young are especially susceptible to the effects of parasites (Watkins, 1972).
Disturbance at the roost has been suggested as a possible cause of low levels of roost
fidelity (Lewis, 1995).  Disturbance may result from natural processes, such as
adverse weather conditions for bats roosting in exposed situations.  For example, male
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N. geoffroyi at times roosted under bark or beneath flaking wood exposed to rain and
wind (Chapter 5).  However, when these males shifted between roosts it was often to a
similar roost structure, rather than selecting a more protected site.  Human-induced
disturbance is inevitable when conducting radio-tracking studies due to the capture,
handling and fitting of the transmitter.  Both species returned to their roost area on the
day following capture, and for C. gouldii there was no difference in the rate of roost
shifting immediately after the transmitter was attached compared with later in the
tracking period.  N. geoffroyi shifted roost site more frequently the day after release,
suggesting it may be more susceptible to disturbance than C. gouldii.  Roosts used by
N. geoffroyi are lower to the ground and often on the main trunk of the tree, and thus
more accessible to predators than cavities in outer branches used as roosts by
C. gouldii (Chapter 5).  N. geoffroyi may therefore have a greater propensity to react
to disturbance, irrespective of its origin.
Individuals may shift between roosts to become familiar with the range of
microclimates offered in multiple roosts, so that the most appropriate roost can be
selected each day.  Microclimatic conditions are known to influence selection of
roosts by a range of species, such as C. tuberculatus (Sedgeley, 2001), and
Bechstein’s bat Myotis bechsteinii (Kerth et al., 2001b).  Preliminary investigations in
this study area using temperature dataloggers revealed a wide range of temperature
regimes in roosts used by N. geoffroyi and C. gouldii (Lumsden, unpublished data).
Lewis (1995) reported a relationship between roost fidelity and roost permanency,
suggesting that bats that roost in more ephemeral sites are likely to shift between
roosts more often.  Roosts under bark are considered to be more ephemeral than those
in tree hollows, and hence individuals roosting under bark could be expected to shift
more frequently than those in hollows.  However, there was no significant difference
between these roost types in the rate at which N. geoffroyi shifted.  This is in contrast
to the findings of Kurta et al. (2002) for the Indiana bat Myotis sodalis, a species with
similar roosting ecology to N. geoffroyi, which remained in roosts in hollows for
significantly longer than for those under bark.
Approximately 20% of roosts of N. geoffroyi and C. gouldii were re-used during the
average 10 day tracking period.  For both species, males re-used roosts at almost twice
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the rate of females, but the reason for this is not known.  There is marked variation in
the rate at which other tree-hole species re-use roosts (Kronwitter, 1988; O'Donnell
and Sedgeley, 1999; Law and Anderson, 2000), and this is likely to be influenced by
the relative availability of roost sites.  For example, O'Donnell and Sedgeley (1999)
found that in an area where roost sites were abundant only 19% of roosts used by
C. tuberculatus were re-used over a three year period.
New roosts were found throughout the tracking period for individual bats, and it is
expected that more roosts would have been located had the transmitters remained
attached for longer.  There was a linear relationship between the number of days
tracked and the number of roosts located for N. geoffroyi, as has been found in studies
of other species (e.g. Kronwitter, 1988; Ormsbee, 1996; O'Donnell and Sedgeley,
1999), but for C. gouldii the rate at which new roosts were used slowed after 10-13
days.  Ormsbee (1996) showed that the number of days tracked did not influence the
size of the roost area for individual long-legged myotis Myotis volans; although
individuals used more roosts, they remained in the same roost area.  Studies that have
followed a colony of bats for long periods of time have found that large numbers of
roosts are used.  For example, a maternity colony of M. bechsteinii used up to 50
different roosts in a year (Kerth and König, 1999).
Social organisation can also influence roost switching behaviour.  Kerth and König
(1999) proposed a fission-fusion model for a colony of M. bechsteinii, where a stable
social unit of females frequently split into subgroups, roosting in different trees within
the roost area.  Group composition frequently changed, however, associations were
non-random, with individuals of similar reproductive status more likely to roost
together.  Roost switching provides the mechanism for individuals in subgroups to
maintain contact with other members of the colony (Willis and Brigham, in press).
6.4.4   Implications of roosting behaviour for conservation of bats
Frequent shifting between roosts within a discrete roost area, and a relatively low level
of re-use of roosts indicates a requirement for a high density of roost sites.  This has
implications for the conservation of tree-hole roosting bats, such as those studied here.
In areas used for timber production, the density of hollow-bearing trees may be lower
than is optimal due to the loss of the larger hollow-bearing stems (Chapter 4).  In
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farmland, the sparse nature of remaining wooded vegetation limits the overall
availability of potential roosts, and their spatial pattern in the landscape.  In addition,
farmland habitats often have low densities of dead trees, which are favoured for
roosting by N. geoffroyi (Chapter 5).  Large old hollow-bearing trees continue to be
removed from the rural landscape due to clearing, tree dieback and senescence, and
little natural regeneration is occurring to replace them (Bennett et al., 1994).  Future
investigations into the roosting ecology of bats in areas with differing availability of
potential roost sites could shed light on the degree of plasticity in their behaviour and
how they may be affected as the availability of roost sites declines.
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CHAPTER 7
A comparison of the roosting ecology of the
lesser long-eared bat Nyctophilus geoffroyi and
Gould's wattled bat Chalinolobus gouldii in
continuous forest and a rural landscape
The Naring farmland study area (Photo John Silins)
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7.1   Introduction
The availability of resources required for foraging, shelter or breeding can have a
profound influence on the dynamics of faunal populations (Caughley and Sinclair,
1994).  Differing levels of resources affect many aspects of the ecology of animal
species, including population density, breeding success, survival rates, spatial patterns
of distribution, social organisation, and levels of intra- and inter-specific competition
(e.g. Pinkowski, 1976; Rendell and Robertson, 1989; Newton, 1994; Catling et al.,
2001; Major and Gowing, 2001).  Differences in habitat resources may occur naturally
in response to variation in climate, topography or geological substrates, but
increasingly they are imposed by human land uses in the environment.  Identifying the
key resources for species that are altered by particular land uses, and how species
respond to changes in the availability of such resources, provides a more informed
basis for wildlife management and conservation.
Tree hollows are a critical habitat resource for many faunal groups.  Hollows provide
shelter for nesting, roosting or breeding for a wide range of species, including arboreal
mammals (e.g. Lindenmayer et al., 1991; Traill and Lill, 1997; Gibbons et al., 2002),
bats (e.g. Law, 1996; Pierson, 1998; Kunz and Lumsden, 2003), birds (e.g. Saunders
et al., 1982; Newton, 1994; Higgins, 1999), and reptiles and amphibians (e.g.
Menkhorst, 1984; Abbott and Whitford, 2002; Gibbons and Lindenmayer, 2002).
Numerous studies have examined the effects on forest-dependent fauna of changes in
the availability of tree hollows as a result of timber harvesting practices in forested
environments (e.g. Lindenmayer et al., 1990; Nelson and Morris, 1994; Loyn et al.,
2001; Robinson and Robinson, 2001; Gibbons et al., 2002; Mitchell and Powell,
2003).
In rural landscapes also, the availability of tree hollows is an important influence on
the dynamics and status of hollow-dependent wildlife (e.g. Saunders et al., 1982;
Abensperg-Traun and Smith, 1993; Bennett et al., 1994).  Land-use practices in
agricultural environments (such as firewood harvesting of standing dead timber) may
affect the density of hollows in forest or woodland habitats remaining amongst
farmland (Bennett et al., 1994; Gibbons and Lindenmayer, 2002).  However, a much
greater influence occurs due to the extensive clearing of natural habitats to make way
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for agricultural land (e.g. Forman, 1995; Bennett, 1999; Lunt and Bennett, 1999; Reid
and Landsberg, 1999).  The overall loss of habitat reduces the abundance of hollows
in proportion to the extent of clearing that has occurred – even though the local
density of hollows may not change in remnants of vegetation that persist.  In addition,
patches of wooded habitat or scattered trees are geographically spread across the
landscape, isolated to varying degrees by cleared farmland.  The ability of species to
cope with this combination of an overall reduction in abundance of hollows, a
potential change in the local density of hollows, and variation in the spatial pattern
and isolation of hollows will influence long-term conservation of these species in rural
environments.
This study examines the comparative roosting ecology and behaviour of two species
of bats in a continuous forested environment and a largely cleared agricultural
landscape, to investigate the potential effect on these species of the change in
availability of tree-hole roosts that accompany land transformation for agriculture.
Tree-hole roosting bats provide a useful model to investigate the impact of change in
the availability of tree hollows.  A large proportion of species use this resource,
including approximately 66% of microchiropteran bat species in Australia (Gibbons
and Lindenmayer, 2002).  Bats are selective in their choice of roost cavities (Sedgeley
and O'Donnell, 1999b; Russo et al., 2004), roost trees (Crampton and Barclay, 1998;
Sedgeley and O'Donnell, 1999a; Kunz and Lumsden, 2003; Chapter 5), and roosting
locations (Campbell et al., 1996; Boonman, 2000; Chapter 4).  Additionally, tree-hole
roosting bats typically shift roost sites on a regular basis, moving relatively short
distances between multiple roosts within a discrete roost area (Lewis, 1995; Kunz and
Lumsden, 2003; Chapter 6).  While some species use a new roost virtually every day
(e.g. O'Donnell and Sedgeley, 1999), others rotate between a smaller number of
roosts, later re-using those occupied on previous days (e.g. Kronwitter, 1988; Kurta et
al., 2002; Chung-MacCoubrey, 2003).
A marked reduction in the overall extent of habitat and the availability of tree hollows
as a consequence of extensive clearing, will inevitably result in lower population sizes
of bats.  However, the focus of this study is on how change in the availability of tree
hollows affects the roosting behaviour and ecology of bats.  I predict six possible
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types of behavioural responses that bat species may show to reduced availability of
roost sites.
1. Individuals may be less specific in roost selection and use a broader range of roost
sites.
2. Individuals may focus their roost areas on localised parts of the landscape that
contain higher densities of preferred roost trees than are generally available in the
landscape.
3. Individuals may use fewer roosts, by shifting between roost sites less frequently.
4. Individuals may re-use roosts with a greater frequency.
5. Individuals may occupy a larger roost area by moving greater distances between
consecutive roosts.
6. More individuals may roost together in a single roost, so that fewer roosts are
required for the same-sized population.
The roosting ecology of two common and widespread vespertilionids, the lesser long-
eared bat Nyctophilus geoffroyi and Gould’s wattled bat Chalinolobus gouldii, was
investigated in each of two study areas with contrasting levels of tree cover in
northern Victoria.  Barmah forest, part of the Barmah-Picola study area used for
Chapters 4-6, occurs on the floodplain of the Murray River and is one of the largest
remaining tracts of native vegetation in the Northern Plains of Victoria.  The second
study area was at Naring, approximately 40 km to the east (Fig. 7.1), a farmland area
distant from extensive forest where only small remnants of native vegetation persist
(mostly < 10 ha in size), surrounded by cleared grazing and cropping land.  The two
study areas are in the same bioregion, have a similar climate, and flat landform.  The
main difference is the extent of tree cover: Barmah forest has continuous tree cover
(refer Plate 4.2), while Naring has less than 5% tree cover (refer photograph on the
title page of this chapter).
In this chapter, new data collected from the farmland environment at Naring are
compared with data previously collected from Barmah forest.  In the Barmah-Picola
study, bats were radio-tracked to investigate the location of roosts in the landscape
(Chapter 4), roost site selection (Chapter 5) and roosting behaviour (Chapter 6).
Individuals were initially caught while foraging in farmland remnants near Picola,
some 6-7 km from the edge of the Barmah forest.  There were marked intra- and inter-
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specific differences in where individuals roosted.  Most male N. geoffroyi roosted in
the farmland mosaic at Picola, less than 3 km from their capture sites.  In contrast, the
majority of female N. geoffroyi and both sexes of C. gouldii roosted in Barmah forest,
5-12 km from their capture point at Picola.  The comparisons in this chapter relate
only to roosts located within the continuous Barmah forest.
Fig. 7.1.  The location of the Barmah forest and Naring study areas.  Shaded areas
represent tree cover: small remnants, narrow linear strips and scattered trees are not
visible at this scale.  The enlargement of the Naring study area shows the remnant
blocks (a-d) where bats used for radio-tracking were captured, with the country roads
represented by lines.
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7.2   Methods
7.2.1   Study region
The landform, topography and climate of the study region, the Northern Plains of
Victoria (also called the Victorian Riverina), and the vegetation in the Barmah-Picola
study area, have been described in previous chapters.
The Naring study area (36o02’S, 145o32’E) (Fig. 7.1) is 25 km from the nearest
margin of Barmah forest and more than 16 km from the Murray River, which at its
closest point has a comparatively narrow band of riparian forest.  Native vegetation at
Naring occurs as small remnant blocks, linear strips along roads and scattered trees in
farm paddocks.  Grey box Eucalyptus microcarpa is the dominant tree species, with
small remnants of yellow box E. melliodora, white cypress-pine Callitris glaucophylla
and buloke Allocasuarina luehmannii occurring on elevated sandy soils.  The tree
species composition differs from that in Barmah forest, which is dominated by single
species stands of river red gum E. camaldulensis.  Only 2.5% of the Naring study area
is covered by trees (determined from aerial photographs).  Four of the largest
remnants in this area were used to trap bats for radio-tracking (Fig. 7.1): three were
dominated by E. microcarpa (7-8 ha in size), and one consisted of C. glaucophylla
(10 ha).
Differing histories of land use in the two study areas also contribute to the availability
of tree hollows as a roosting resource.  At Naring, over 95% of the original tree cover
has been cleared resulting in a massive overall reduction in numbers of potential roost
trees.  However, most remnant vegetation amongst farmland is dominated by mature
trees which are survivors of the pre-European settlement vegetation.  Eucalypts
typically commence hollow development at 120-180 years of age, and mature live
trees characteristically contain numerous hollows (Gibbons and Lindenmayer, 2002).
Barmah forest, in contrast, has continuous tree cover but has been subject to timber
harvesting for more than a century, resulting in the loss of many large trees
(Chesterfield, 1986).  Thus, in Barmah forest there is continuous tree cover with a
relatively low density of hollow-bearing trees, while at Naring there are small pockets
of remnant vegetation with relatively high densities of hollow-bearing trees, dispersed
in a farmland matrix with few potential roost sites.
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7.2.2   Field techniques
Roost sites were located at Naring by radio-tracking individual bats in December 2000
– March 2001 and November – December 2001.  These data are compared with roosts
located in Barmah forest during the same months in 1993-4.  Methods used during the
Barmah-Picola study are presented in detail in Chapters 4-6.  Similar techniques were
employed at Naring which are summarised below.
Bats were trapped at night using harp traps (Austbat P/L, Victoria, modified from
Tidemann and Woodside, 1978) at multiple trap-site locations (N. geoffroyi n = 14;
C. gouldii n = 13) across the four remnants sampled (Fig. 7.1).  Individuals were
banded with bat bands from the Australian Bird and Bat Banding Scheme, and their
age, sex and reproductive condition were assessed.  To investigate differences
between maternity and non-breeding roosts, females were classified as lactating or
non-reproductive, based on the condition of their nipples.  Lactating females were
recorded during November-December.  Pregnant females were not radio-tracked.
Individuals were fitted with miniature radio transmitters (Holohil Systems Ltd.,
Ontario, Canada, Models LB-2 [0.57 g] and BD-2A [0.68 g]).  This represented 7.6%
of the body mass of N. geoffroyi (mean body mass 7.5 ± 0.2 g) and 4.8% of C. gouldii
(mean body mass 14.3 ± 0.3 g).  Transmitters were attached to the dorsal surface of
the bat using Skin-Bond (Smith & Nephew P/L, Clayton, Victoria), after trimming a
small area of fur using either fine scissors or a narrow hair trimmer (0.6 cm wide;
Wahl Clipper Corporation, Sterling, Illinois, USA, Model 9951-500).
Bats were released at the point of capture either on the night they were caught or, if
trapped in the early hours of the morning, the following night at dusk.  Tracking was
undertaken using Telonics receivers (Mesa, Arizona, USA) with omni-directional and
2- or 3-element directional antennas.  When individuals could not be located by
driving throughout the study area, searches of a more extensive area were undertaken
using a small aircraft (Cessna 172 or 182).  This increased the detection range from
approximately 0.5 km at ground level to approximately 10 km from the air.  Roost
trees, or other structures in which a roost was situated, were then located on the
ground using hand-held antennae and their position recorded using a GPS (Garmin
12XL, Kansas, USA).  For roosts in trees, the species of tree, whether it was dead or
live, and its height and diameter at breast height (DBH) were recorded.
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To determine the exact location of a roost within a roost tree, trees were watched at
dusk for emerging bats.  A nightscope (Litton Night Vision Goggles, Tempe, Arizona,
USA) or infrared video camera (Sony Super Nightshot Video Camera, Model DCR-
TRV320E) was used when light levels were low, especially when observing N.
geoffroyi which emerge late in the dusk period (Lumsden et al., 1998).  Due to the
number of bats tracked concurrently (up to 13), it was not possible to observe every
roost tree at dusk, and hence not all roosts could be precisely located.  For those that
were, data were recorded on the type of cavity, its height, aspect and the entrance
dimensions.  For non-circular entrances (e.g. under bark, fissures) the width and
length of the opening were recorded.
Individual bats were located every day that transmitters remained attached and
operating.  Two individuals of each of N. geoffroyi and C. gouldii continued to forage
in the study area at night but could not be located during the day for a number of days,
despite extensive searching by vehicle, foot and air.  It is possible that they were
roosting in artificial structures that shielded the radio signal, but these sites were never
located.  By locating roost sites each day, the number of consecutive days that an
individual spent in the same roost (residence time) and the proportion of days on
which individuals shifted to new roosts could be determined.  This enabled calculation
of the percentage of roosts that were re-used within the same tracking session (i.e.
where an individual returned to a previously used roost after roosting elsewhere for a
day or more).  The distance between consecutive roosts used by an individual was
measured using a range finder (Bushnell Yardage Pro 500, Overland Park, Kansas,
USA) or based on GPS coordinates.  The mean value of the distance between
consecutive roosts was calculated for each individual.  The majority of individuals
were found to forage in the remnant blocks in which they were initially caught, and
hence the capture point is used here to represent one of the foraging areas of that
individual.  For each individual, the mean distance between the capture point and each
of its roost sites was calculated.  Colony sizes were determined from roost watches at
dusk or, in a small number of instances, by looking directly into roosts (e.g. those
under bark).
Available habitat was assessed to investigate whether bats selected locations in the
rural landscape that had high densities of preferred roost types.  For roosts in remnant
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blocks, all trees within a 0.25 ha plot (50 m x 50 m) surrounding the roost tree were
counted and assigned to one of four size-class categories (< 10 cm, 10-30 cm,
31-70 cm, and > 70 cm DBH).  Each tree was examined thoroughly from ground
level, with the aid of binoculars, for the presence of hollows, which were defined as
openings large enough for a bat to gain access (i.e. > 1.5 cm wide).  Around roosts
used by N. geoffroyi, trees were also assessed for the availability of suitable loose bark
that could provide a potential roost site, as this species roosts under bark in addition to
in hollows (Chapter 5).  Where roost trees were located among scattered trees (defined
as stands with < 20 trees/ha), a 1.0 ha plot (rather than 0.25 ha), was assessed to give a
more accurate representation.  All data are presented as tree density per ha.  The
composition and density of trees surrounding roost trees were compared to plots
selected randomly from throughout the study area.  Remnant blocks and stands of
scattered trees were sampled in proportion to their relative cover within the study area,
with a total of 25 plots in blocks and 35 plots in scattered trees.  Habitat measurements
at randomly located plots were the same as those around roost trees.  Comparisons of
habitat features in roost plots and randomly located plots were made separately for
blocks and scattered trees.
7.2.3   Data analysis
Data were analysed using SPSS for Windows (Version 11.0).  Mean values are
presented ± SE, and were compared using Student’s t-tests.  Data were log10
transformed where necessary to improve normality and reduce heterogeneity of
variances.  Where transformations did not improve homogeneity of variances, the test
statistic adjusted for unequal variances was used.  Where data remained highly
skewed, non-parametric Mann-Whitney U-tests were undertaken.  Frequency data
were analysed by χ2 tests, with Yate’s correction for continuity used for tests with one
degree of freedom.  Statistics are presented in the text where they are not given in
tabular form.
The type of roost was defined by the sex and reproductive condition of the individual
carrying the transmitter, but for roosts containing multiple individuals, the sex and
reproductive condition of the other individuals was not known.  A small number of
roosts (Naring and Barmah forest studies combined, N. geoffroyi n = 1; C. gouldii
n = 5) were used both by radio-tracked males and females.  In the subsequent data
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analysis, where comparisons are made separately for males and females, these roosts
have been included for both sexes.  Where comparisons are based on combined data
for both sexes, these roosts have been included only once.
7.3   Results
7.3.1   Location of roosts
A total of 86 roosts of N. geoffroyi and 62 roosts of C. gouldii were located in the
Naring study area, resulting from radio-tracking 35 and 25 individuals, respectively
(Table 7.1).  In the Barmah-Picola study, 139 N. geoffroyi and 89 C. gouldii roosts
were located, resulting from radio-tracking 44 and 26 individuals, respectively.  The
data from this study have been divided into roosts located in the continuous forest (i.e.
Barmah forest) and those in the adjacent farmland (i.e. Picola farmland) (Table 7.1).
Only one C. gouldii roosted in the Picola farmland, and comparisons for this species
are restricted to Barmah forest vs Naring farmland.  For N. geoffroyi, most of the
males radio-tracked in the Barmah-Picola study roosted in Picola farmland, with only
two individuals roosting in Barmah forest.  Hence, comparisons between males in
Barmah forest and at Naring are limited.  Unless otherwise indicated, all data from the
Barmah-Picola study in the subsequent results, refers to roosts within the continuous
Barmah forest.  As a result, the values for Barmah forest presented in this chapter
differ from the overall figures for the Barmah-Picola study presented in Chapters 4-6.
The transmitters remained attached and operating for a mean of 9.1 ± 0.8 days for
N. geoffroyi and 10.2 ± 0.9 days for C. gouldii at Naring.  This was comparable to the
length of attachment at Barmah forest for C. gouldii (10.4 ± 0.7 days), although
somewhat longer for N. geoffroyi (5.9 ± 0.8 days).
At Naring, most individuals of both sexes of N. geoffroyi were caught while foraging
less than 2 km from their roosting area.  In contrast, in the Barmah-Picola study,
although both males and females were caught while foraging in the Picola farmland,
females predominantly roosted in Barmah forest, while most males roosted in the
Picola farmland within 3 km of their capture point (Chapter 4).  Two male
N. geoffroyi roosted in Barmah forest, at similar distances to the females that roosted
in Barmah forest (Table 7.2).  Females roosting in Barmah forest moved significantly
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further than did females at Naring (Table 7.2).  During the breeding season, females at
Naring roosted less than 1 km from where they were caught, while in the Barmah-
Picola study all lactating females roosted in Barmah forest more than 7 km from
where they were caught in farmland (Table 7.2).
Table 7.1.  Number of individuals of Nyctophilus geoffroyi and Chalinolobus
gouldii that were radio-tracked and the number of roosts located in the Naring
and Barmah-Picola study areas.  Data from the Barmah-Picola study area have been
separated into individuals roosting in continuous forests at Barmah and in the adjacent
Picola farmland.
Nyctophilus geoffroyi Chalinolobus gouldii
Naring
study
Barmah-Picola
study
Naring
study
Barmah-Picola
study
Barmah
forest
Picola
farmland
Barmah
forest
Picola
farmland
Number of individuals
   Males
   Females
   Total
9
26
35
2
23
25
14
5
19
12
13
25
11
14
25
1
0
1
Number of days located
   Males
   Females
   Total
79
228
307
8
98
107
129
44
173
116
134
250
96
118
214
13
0
13
Number of roosts
   Males
   Females
   Total 1
28
58
85
7
65
72
57
13
69
30
35
62
37
50
85
4
0
4
1  A number of roosts were used by both males and females.  These have been included in the
number of roosts for each sex; hence the total number of roosts is less than the sum.  At
Naring this occurred at one roost for N. geoffroyi and three roosts for C. gouldii; in Barmah
forest, two roosts for C. gouldii; and at Picola one roost for N. geoffroyi.
At Naring, roost sites of male and female C. gouldii were mainly within 2 km of
where they were caught (Table 7.2), with one exception – a male that was found
roosting in E. camaldulensis forest along the Murray River at Tocumwal, 21.3 km
from its capture site (see Fig. 7.1).  This individual was recorded foraging at the
capture site several nights after capture, suggesting that this was a regular foraging
location, but it was not recorded there every night.  Individuals of both sexes moved
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significantly greater distances between roost sites and foraging areas when roosting in
Barmah forest than at Naring (Table 7.2).
Table 7.2.  Distance between roost areas and capture point (representative of
foraging area) of individuals tracked in Naring farmland and Barmah forest.  For
the Barmah-Picola study only individuals roosting in Barmah forest have been
included, with individuals roosting in Picola farmland excluded.  Values are means
± SE.  Statistics are from t-tests: *** p < 0.001.  Comparisons are not made for
lactating and non-breeding female C. gouldii due to small sample sizes.
Nyctophilus geoffroyi Chalinolobus gouldii
Naring
(km)
Barmah
forest
(km)
p Naring
(km)
Barmah
forest
(km)
p
Males 0.72 ± 0.29 9.25 ± 0.25 *** 0.94 ± 0.52 1 7.01 ±0.57 ***
Females 1.44 ± 0.50 7.73 ± 0.37 *** 1.00 ± 0.50  6.77 ± 0.39 ***
Lactating females 0.75 ± 0.15 7.15 ± 0.34 ***
Non-breeding
   females
2.26 ± 1.05 9.20 ± 0.72 ***
1  excludes one individual that roosted at Tocumwal, 21 km from its capture point.  With this
individual included, mean distance is 2.64 ± 1.76 km and p = 0.034.
7.3.2   Selection of roost sites
Of the 85 N. geoffroyi roosts located at Naring, seven (8%) were in buildings while
the remaining 92% were in trees (Table 7.3).  Males and females roosted in buildings
at a similar rate (males 10.7%, females 8.6% [one building was used by both a male
and a female]).  All 72 roosts in Barmah forest were in trees, which is not unexpected
since few buildings are present within the forest.  The frequency at which individuals
used roosts in buildings versus trees differed significantly between the two study areas
(Table 7.3).  In Barmah forest, all maternity roosts were located within trees, while at
Naring two buildings were used as maternity roosts (Plate 7.1).
Although buildings were widespread throughout farmland at Naring, only one
C. gouldii roost was located in a building (Table 7.3).  This was in the apex of an old
church, and was occupied by both lactating and non-breeding females.  Four females
Table 7.3.  A comparison of roost site selection of bats roosting in the farmland environment at Naring and continuous forests at
Barmah.  Where data are presented separately for males and females, this is based on the sex of the individual carrying the transmitter.  Values
are means ± SE.  Statistics are based on χ2 tests for categoric variables and t-tests for continuous variables. † indicates t-tests conducted on log-
transformed data.  Significant differences are indicated in bold.
Character Nyctophilus geoffroyi Chalinolobus gouldii
Naring Barmah
forest
p Naring Barmah
forest
p
Type of roost
   Tree or timber remains
   Building
92%
8%
100% 0.035 98%
2%
100% 0.874
Proportion of roosts in dead trees
   Male
   Female
54%
44%
71%
77%
0.705
0.001
23%
35%
35%
34%
0.435
1.000
Proportion of roosts in dead limbs
(on live or dead trees)
   Male
   Female
95%
85%
83%
92%
0.972
0.442
100%
92%
62%
87%
0.004
0.847
Tree size (DBH cm)
   Males
   Females (all)
   Maternity roosts
63.6 ± 5.8
70.0 ± 5.5
66.9 ± 6.4
  63.4 ± 19.1
  88.0 ± 5.9
105.1 ± 8.1
   0.619 †
   0.032
   0.001
87.8 ± 5.3
71.2 ± 4.1
52.3 ± 6.4
111.8 ± 6.1
130.1 ± 6.6
 137.6 ± 12.2
     0.005
  < 0.001
  < 0.001 †
Height of roost (m)
   Males
   Females
4.3 ± 0.6
5.4 ± 0.5
    4.4 ± 1.8
  10.0 ± 0.9
   0.942
   0.001 †
 8.0 ± 0.7
 8.1 ± 0.7
14.9 ± 1.0
15.3 ± 1.1
< 0.001 †
< 0.001 †186
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Table 7.3 (cont’d).  A comparison of roost site selection of bats roosting in the farmland environment at Naring and continuous forests at
Barmah.
Character Nyctophilus geoffroyi Chalinolobus gouldii
Naring Barmah
forest
p Naring Barmah
forest
p
Proportional height of roost within
roost tree
   Males
   Females
39%
38%
45%
51%
  0.664
  0.009
42%
47%
60%
56%
0.002
0.128
Type of cavity within tree
   Under bark
   Hole
   Spout
   Fissure
34%
28%
13%
25%
23%
0%
23%
55%
< 0.001
0%
18%
80%
2%
0%
21%
70%
9%
0.321
Roost entrance dimensions (cm)
(based on width)
   Males
   Females
3.1 ± 0.4
2.6 ± 0.2
3.1 ± 1.3
2.7 ± 0.2
 0.757
 0.583
8.0 ± 0.5
8.7 ± 0.8
11.5 ± 1.7
 9.9 ± 1.2
0.110
0.759
Predominant aspect of roost
entrance
   North
   East
   South
   West
27%
24%
24%
24%
40%
13%
23%
23%
 0.535
43%
17%
22%
17%
34%
14%
26%
26%
0.721
187
C
hapter 7 – C
om
parison of roosting ecology
Chapter 7 – Roosting ecology comparison
188
Plate 7.1.  A maternity colony of Nyctophilus geoffroyi roosted behind the window
frame of this house in the Naring farmland study area.  The entrance to the roost is
indicated by the arrow.
carrying transmitters used this roost and individuals alternated between this building
and a number of roosts in trees in the surrounding area.  All 85 roosts of C. gouldii in
Barmah forest were in tree hollows.
Differences in tree species composition between Barmah forest (dominated by
E. camaldulensis) and remnant woodlands at Naring (dominated by E. microcarpa),
were reflected in the roost trees used by bats.  In Barmah forest, 97% of N. geoffroyi
and 99% of C. gouldii roosts were in E. camaldulensis.  At Naring, 95% of C. gouldii
roosts were in E. microcarpa.  N. geoffroyi used a wider range of tree species at
Naring: 84% of roosts were in E. microcarpa, with C. glaucophylla (7%),
E. camaldulensis (6%), A. luehmannii (1%), and the introduced peppercorn Schinus
molle (3%) also used.
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Almost 50% of roost trees used by N. geoffroyi at Naring were dead (Table 7.3), with
no significant difference in the rate of use of dead trees between males and females
(χ2 = 0.313, df = 1, p = 0.576), nor between maternity and non-breeding female roosts
(45% vs 39%; χ2 = 0.017, df =1, p = 0.896).  This pattern differed significantly from
that in Barmah forest where 76% of N. geoffroyi roosts were in dead trees (Table 7.3).
When the condition of the tree limb in which the roost was located was considered,
most roosts used by male and female N. geoffroyi in both areas were in dead timber
(Plate 7.2), with no significant difference between Naring and Barmah forest
(Table 7.3).
Plate 7.2.  At Naring, some Nyctophilus geoffroyi maternity roosts were in large
live trees, although the roost cavity was usually in a dead limb.  The arrow
indicates the location of the roost location.
The predominant use of live trees for roosting was a consistent pattern for C. gouldii
(Plate 7.3), with only approximately 30% of roosts in dead trees in both Naring and
Barmah forest (Table 7.3).  There was no difference between sexes in the use of dead
trees at Naring (χ2 = 0.594, df =1, p = 0.441), nor for either sex between the two areas
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(Table 7.3).  Despite roosting predominantly in live trees the majority of roosts were
located within a dead section of the tree (Table 7.3).  All roosts used by males at
Naring were in dead sections of trees, which was significantly greater than the
proportion used by males in Barmah forest (Table 7.3.)
Plate 7.3.  A typical Chalinolobus gouldii roost tree at Naring – a live Eucalyptus
microcarpa.  The roost cavity was in a dead spout (indicated by arrow).
At Naring, there was no difference in the size of roost trees used by male and female
N. geoffroyi (Table 7.3; t = 0.713, df = 74, p = 0.478), nor between maternity roosts
and non-breeding female roosts (t = 0.630, df = 50, p = 0.531).  This is in marked
contrast to Barmah forest where maternity roost trees were significantly larger than
those used by non-breeding females (t = 3.307, df = 62, p = 0.002).  There was a
significant difference between Naring and Barmah forest in the size of trees used by
female N. geoffroyi, in particular maternity roosts (Table 7.3; Plate 7.4).  This can, in
part, be attributed to the different growth form of the dominant tree species in each
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study area.  E. microcarpa does not grow as large as E. camaldulensis and it develops
hollows at a smaller diameter (Bennett et al., 1994).  In terms of the number of
hollows present, an E. microcarpa tree of 70 cm DBH is approximately equivalent to
an E. camaldulensis of about 100 cm DBH (Bennett et al., 1994).  There was no
significant difference between study areas in the size of trees used by male
N. geoffroyi, despite differences in tree species and growth patterns.
Plate 7.4.  A maternity colony of 12 individuals of Nyctophilus geoffroyi used a
knot-hole in this small (19 cm DBH) dead tree as a roost site.
At Naring, female C. gouldii roosted in smaller trees than did males (Table 7.3;
t = 2.508, df = 62, p = 0.015).  This was in contrast to the trend found in Barmah
forest, where females tended to roost in larger trees than males (t = 1.964, df = 85,
p = 0.053).  Also contrary to observations from Barmah forest, maternity roosts at
Naring were in smaller trees than were roosts used by non-breeding females
(t = 2.569, df = 32, p = 0.015), although the small number of maternity roosts located
(n = 7) may have influenced this result.  In Barmah forest, individuals of both sexes
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used mature E. camaldulensis for roosting and these were significantly larger than the
E. microcarpa used at Naring.  Even allowing for the difference in growth form,
comparatively smaller trees appeared to be used at Naring, especially by females.
Roosts used by N. geoffroyi were often located on the main trunk of the tree or in
limbs in the mid- to low-canopy, and typically the height of the roost was at 40-50%
of the height of the roost tree (Table 7.3).  At Naring, roosts were approximately
4-5 m above the ground, with no significant difference between males and females in
the height of the roost (t = 1.436, df = 65, p = 0.156), nor in the proportional height
(t = 0.178, df = 58, p = 0.859).  In Barmah forest, females roosted significantly higher
than males (t = 2.286, df = 53, p = 0.026).  Both the actual height and the proportional
height of roosts used by females at Naring were significantly lower than roosts used
by females at Barmah forest (Table 7.3).  Roosts used by male N. geoffroyi were at
similar heights in both study areas (Plate 7.5).
Plate 7.5.  Male Nyctophilus geoffroyi often roosted low to the ground, such as in
this fissure, less than 1 m above the ground.
There was no difference between male and female C. gouldii in the height at which
they roosted at Naring (t = 0.136, df = 46, p = 0.893), but these roosts were
Chapter 7 – Roosting ecology comparison
193
consistently lower than roosts used in Barmah forest (Table 7.3).  The proportional
height of roosts at Naring and Barmah forest did not differ significantly for females,
but roosts used by males at Naring were proportionally lower than in Barmah forest.
Roost cavities were grouped into four types: under bark, hole, spout and fissure.  At
Naring, 34% of roosts used by N. geoffroyi were under exfoliating bark.  There was a
significant difference between the sexes in the type of roost cavities used (χ2 = 12.419,
df = 3, p = 0.006), with a higher proportion of males than females roosting under bark
(males 63%, females 22%), and females using fissures more frequently than males
(males 5%, females 33%).  There was a significant difference in the type of cavities
used by N. geoffroyi between Naring and Barmah forest (Table 7.3), due to a higher
proportion of fissures and fewer holes used in Barmah forest than at Naring.  This
difference was largely due to the roosts selected by females (χ2 = 16.189, df = 3,
p = 0.001).  Males used similar types of roost cavities in both study areas (χ2 = 4.075,
df = 3, p = 0.253).  A greater range of roost types was used for maternity roosts at
Naring than in Barmah forest.  For maternity roosts in Barmah forest, it was possible
to locate the roost cavity on 15 occasions, of which 14 (93%) were in fissures, and one
in a spout.  At Naring, maternity roosts (n = 28) were located in holes (46%), fissures
(29%), under bark (11%; Plate 7.6), spouts (7%) and in buildings (7%).
Spouts were the predominant type of roost used by C. gouldii at both Naring and
Barmah forest (Table 7.3), with no roosts under bark.  There was no significant
difference between the sexes in the type of roosts used, either at Naring (χ2 = 1.420,
df = 2, p = 0.492), or Barmah forest (χ2 = 0.059, df = 2, p = 0.971).
Nyctophilus geoffroyi consistently used cavities with small entrance dimensions, with
the mean width 2.7 ± 0.2 cm (sexes combined) at both Naring and Barmah forest.
Roosts under bark and in fissures usually had long, narrow entrances, with the length
highly variable.  Since width is the variable most likely to limit access by other
species, it is used here for comparative purposes.  Males and females used similar-
sized cavity entrances at both Naring (t = 1.312, df = 64, p = 0.194 for log-
transformed data) and Barmah forest (t = 0.036, df = 25, p = 0.971 for log-transformed
data), and there were no significant differences between the two study areas
(Table 7.3).
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Plate 7.6.  At Naring, some maternity roosts of Nyctophilus geoffroyi were located
under bark, while all maternity roosts in Barmah forest were in hollows.
There was no significant difference between male and female C. gouldii at Naring
(t = 0.358, df = 46, p = 0.722 for log-transformed data) in entrance dimensions of
roosts used.  There were also no differences in entrance dimensions of roosts used by
C. gouldii between Naring and Barmah forest (Table 7.3).
For both species in both study areas, more roosts faced north than other directions, but
there was no significant difference from an even ratio for N. geoffroyi at Naring
(χ2 goodness of fit, χ2 = 0.194, df = 3, p = 0.979) or Barmah forest (χ2 = 4.400, df = 3,
p = 0.221).  Males and females followed similar patterns.  There was also no
difference for N. geoffroyi in roost aspect between Naring and Barmah forest (Table
7.3).  For C. gouldii, significantly more roosts faced north than other directions at
Naring (χ2 = 8.609, df = 3, p = 0.035) and, although a similar trend was found in
Barmah forest, the preference for northerly aspect was not significant (χ2 = 2.829,
df = 3, p = 0.419).  There was no difference between the two areas in the directions
faced by roosts of C. gouldii (Table 7.3).
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7.3.3   Selection of roost area
In the fragmented agricultural landscape at Naring, individuals of both species roosted
in scattered trees (defined as stands with < 20 trees/ha), as well as in remnant blocks.
For N. geoffroyi, 36% of tree roosts were among scattered trees, including some
> 200 m from any other remnant vegetation, while for C. gouldii, 34% of roosts were
in scattered trees.  However, C. gouldii showed a male bias in the use of scattered
trees.  More than half of all roosts used by males at Naring were in scattered trees,
significantly more than for females (males 57% of roosts, n = 30, females 12% of
roosts, n = 34; χ2 = 12.61, df = 1, p < 0.001).  In contrast, males and females of
N. geoffroyi used scattered trees at a similar frequency (males 40% of roosts, n = 25,
females 32% of roosts, n = 53; χ2 = 0.186, df = 1, p = 0.666).  Scattered trees were
also used extensively as maternity roosts by N. geoffroyi, with lactating females using
scattered trees at the same frequency as non-breeding females (32% of roosts for both
reproductive categories).
Individuals that roosted in scattered trees did not select stands that had higher
densities of hollow-bearing trees than were generally available in stands of scattered
trees (Table 7.4).  There was no significant difference between roost plots and
available habitat plots for either species in the density of live or dead hollow-bearing
trees of any size class (or, for N. geoffroyi, the density of trees containing potential
roosts in the form of hollows or under exfoliating bark) (p > 0.05 for all 35
comparisons; Table 7.4).  There was, however, a trend for N. geoffroyi to select roost
trees in locations with higher densities of dead trees that had either hollows or loose
bark (t = 1.874, df = 60, p = 0.066 for log-transformed data).
In remnant blocks a somewhat different picture emerged.  There, roost trees selected
by N. geoffroyi were located in stands that had significantly more dead trees than in
randomly located plots in remnant blocks, in particular small trees that provided
potential roosts in the form of hollows or exfoliating bark (Table 7.5).  A similar, but
more pronounced, pattern was observed in Barmah forest where, compared with
available habitat, N. geoffroyi selected stands that had high densities of small, medium
and large dead hollow-bearing trees (Chapter 4; Table 4.4).  At both Naring and
Barmah forest, roost plots of N. geoffroyi did not differ from available habitat in the
density of any category of live hollow-bearing tree, except that roost plots at
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Table 7.4.  The density of trees surrounding roost trees of Nyctophilus geoffroyi
and Chalinolobus gouldii that were located within scattered trees at Naring,
compared with randomly selected plots in scattered trees (‘available habitat’).
The number of hollow-bearing trees are assessed for both species, with the number of
trees providing potential roosts in the form of either hollows or exfoliating bark also
considered for N. geoffroyi.  Scattered trees are defined as stands with < 20 trees/ha.
Values are means per ha ± SE.  Statistics are from t-tests on log-transformed data:
ns not significant.
Available
habitat
Plots surrounding roost trees
in scattered trees
(scattered
trees)
N. geoffroyi p C. gouldii p
Number of plots 35 27 21
Total live trees 7.0 ± 1.0 4.7 ± 0.8 ns 6.1 ± 1.0 ns
Total dead trees 0.9 ± 0.3 1.5 ± 0.4 ns 2.0 ± 0.8 ns
Total trees 7.9 ± 1.1 6.2 ± 1.1 ns 8.1 ± 1.3 ns
Saplings 1.7 ± 1.2 0.3 ± 0.2 ns 2.8 ± 2.7 ns
Live trees with hollows
   Small (10-30 cm DBH)   0.3 ± 0.03 0 ns 0.2 ± 0.2 ns
   Medium (31-70 cm DBH) 1.5 ± 0.5 1.4 ± 0.5 ns 1.5 ± 0.5 ns
   Large (> 70 cm DBH) 3.0 ± 0.4 3.0 ± 0.6 ns 3.8 ± 0.7 ns
   Total live trees with hollows 4.5 ± 0.7 4.3 ± 0.8 ns 5.5 ± 1.0 ns
Dead trees with hollows
   Small (10-30 cm DBH) 0.03 ± 0.03 0.7 ± 0.1 ns 0.4 ± 0.3 ns
   Medium (31-70 cm DBH) 0.4 ± 0.2 0.9 ± 0.4 ns 1.1 ± 0.5 ns
   Large (> 70 cm DBH) 0.5 ± 0.2 0.3 ± 0.1 ns 0.3 ± 0.2 ns
   Total dead trees with hollows 0.9 ± 0.3 1.3 ± 0.4 ns 1.9 ± 0.8 ns
Total trees with hollows 5.4 ± 0.8 5.7 ± 1.1 ns 7.3 ± 1.1 ns
Live trees with hollows & bark
   Small (10-30 cm DBH) 0.2 ± 0.1 0 ns
   Medium (31-70 cm DBH) 2.4 ± 0.5 1.6 ± 0.5 ns
   Large (> 70 cm DBH) 3.5 ± 0.5 3.1 ± 0.6 ns
   Total live trees with hollows
        & bark
6.0 ± 0.8 4.6 ± 0.9 ns
Dead trees with hollows & bark
   Small (10-30 cm DBH) 0.03 ± 0.03 0.1 ± 0.1 ns
   Medium (31-70 cm DBH) 0.4 ± 0.2 1.0 ± 0.4 ns
   Large (> 70 cm DBH) 0.5 ± 0.2 0.3 ± 0.1 ns
   Total dead trees with hollows
        & bark
0.9 ± 0.4 1.4 ± 0.4 ns
Total trees with hollows & bark 6.9 ± 0.9 6.1 ± 1.1 ns
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Table 7.5.  The density of trees surrounding roost trees of Nyctophilus geoffroyi
and Chalinolobus gouldii that were located within remnant blocks at Naring,
compared with randomly selected plots in remnant blocks (‘available habitat’).
The number of hollow-bearing trees are assessed for both species, with the number of
trees providing potential roosts in the form of either hollows or exfoliating bark also
considered for N. geoffroyi.  Remnant blocks are defined as stands with > 20 trees/ha.
Values are means per ha ± SE.  Statistics are from t-tests on log-transformed data:
* p < 0.05,  ** p < 0.01, ns not significant.
Available
habitat
Plots surrounding roost trees
in remnant blocks
(remnant
blocks)
N. geoffroyi p C. gouldii p
Number of plots 25 48 40
Total live trees   64.3 ± 11.7 117.3 ± 21.8 ns 41.5 ± 5.1 ns
Total dead trees 18.5 ± 5.1   56.4 ± 10.2 * 14.1 ± 2.4 ns
Total trees   82.8 ± 15.0 173.8 ± 24.4 ** 55.6 ± 5.2 ns
Saplings  4.6 ± 2.0   27.4 ± 16.0 ns 8.8 ± 5.5 ns
Live trees with hollows
   Small (10-30 cm DBH)  3.2 ± 0.9  5.1 ± 1.3 ns  2.0 ± 0.4 ns
   Medium (31-70 cm DBH) 19.4 ± 2.9 16.0 ± 2.3 ns 17.0 ± 2.3 ns
   Large (> 70 cm DBH)  7.4 ± 1.5   5.2 ± 1.0 *  8.6 ± 1.1 ns
   Total live trees with hollows 30.0 ± 3.6 26.3 ± 3.4 ns 27.6 ± 2.9 ns
Dead trees with hollows
   Small (10-30 cm DBH)  4.9 ± 1.5 11.9 ± 2.5 ns  2.9 ± 0.7 ns
   Medium (31-70 cm DBH)  4.2 ± 1.9  9.5 ± 1.9 ns  8.0 ± 1.7 ns
   Large (> 70 cm DBH)  1.0 ± 0.4  1.0 ± 0.3 ns  2.1 ± 0.5 ns
   Total dead trees with hollows 10.3 ± 3.1 22.6 ± 4.1 ns 13.0 ± 2.2 ns
Total trees with hollows 40.4 ± 4.3 48.9 ± 4.6 ns 40.6 ± 3.0 ns
Live trees with hollows & bark
   Small (10-30 cm DBH) 10.0 ± 3.6   39.9 ± 12.9 ns
   Medium (31-70 cm DBH) 29.0 ± 4.3 35.9 ± 4.9 ns
   Large (> 70 cm DBH)  8.0 ± 1.4  6.1 ± 1.0 ns
   Total live trees with hollows
        & bark
47.0 ± 7.1  81.9 ± 16.1 ns
Dead trees with hollows & bark
   Small (10-30 cm DBH) 10.0 ± 3.6 30.0 ± 5.4 *
   Medium (31-70 cm DBH)  4.7 ± 2.0 13.7 ± 3.0 ns
   Large (> 70 cm DBH)  1.0 ± 0.4   1.0 ± 0.3 ns
   Total dead trees with hollows
        & bark
15.8 ± 4.3 44.7 ± 7.9 *
Total trees with hollows & bark 62.8 ± 8.9 126.6 ± 17.8 *
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Naring had fewer large (> 70 cm DBH) live trees with hollows than did random plots
(Table 7.5).
For C. gouldii that roosted in remnant blocks at Naring, there was no significant
difference in the density of live or dead hollow-bearing trees between roost plots and
available habitat plots (Table 7.5).  In contrast, in Barmah forest C. gouldii selected
areas that had higher densities of medium and large live hollow-bearing trees than
generally available (Chapter 4; Table 4.4).
7.3.4   Frequency of shifting roosts
Individuals of N. geoffroyi and C. gouldii shifted roosts on a regular basis in both
study areas.  At Naring, 46% of N. geoffroyi roosts were occupied for only a single
day before the individual shifted to a new roost.  This rate was significantly lower than
in Barmah forest where 68% of roosts were used for a single day only (χ2 = 7.072,
df = 1, p = 0.008).  The mean length of time spent in a roost by N. geoffroyi at Naring
was 2.5 ± 0.2 days (range 1-10 days, n = 121), with no significant difference between
males and females (Table 7.6; t = 0.155, df = 119, p = 0.977 for log-transformed data),
nor between lactating and non-breeding females (2.6 ± 0.3 days and 2.2 ± 0.3 days,
respectively; t = 1.488, df = 90, p = 0.140 for log-transformed data).  Individuals of
both sexes of N. geoffroyi remained in roosts for significantly longer at Naring than in
Barmah forest where males shifted every 1.2 days and females every 1.6 days
(Table 7.6).
Individuals of N. geoffroyi at Naring roosted in a range of structures representing
varying degrees of permanency (cavities under bark are typically less permanent than
those in hollows, both of which are considered less permanent than buildings; Lewis,
1995).  This provides an opportunity to test the generality of the finding that roost
permanency influences roost fidelity (Lewis, 1995).  Contrary to expectation, there
was no significant difference in the rate at which N. geoffroyi shifted roosts when
roosting under bark compared with roosting in hollows (under bark 2.3 ± 0.4 days,
hollows 2.8 ± 0.3 days; t = -1.208, df = 93, p = 0.230 for log-transformed data); nor
between when roosting in buildings compared with roosting in tree cavities (hollows
and under bark combined; buildings 2.7 ± 0.6 days; t = 0.254, df = 103, p = 0.800 for
log-transformed data).
Table 7.6.  A comparison of the roosting behaviour of bats in the farmland environment at Naring and continuous forest at Barmah.
Where data are presented separately for males and females, this is based on the sex of the individual carrying the transmitter.  Values are means
± SE.  Statistics are based on t-tests using log-transformed data for the number of days in a roost and the number of individuals in roosts; t-test
using untransformed data for distance between consecutive roosts; and Mann-Whitney U-tests for roost re-use.  Significant comparisons are
indicated in bold.
Character Nyctophilus geoffroyi Chalinolobus gouldii
Naring Barmah
forest
p Naring Barmah
forest
p
Number of days spent in the one roost
   Male
   Female
 2.7 ± 0.5
 2.5 ± 0.2
1.2 ± 0.2
1.6 ± 0.2
0.005
0.001
2.9 ± 0.4
2.2 ± 0.3
 2.0 ± 0.2
 2.0 ± 0.2
0.077
0.825
Percentage of roosts re-used in the same
tracking period (where tracked for 7 or
more days)
   Male
   Female
19.0 ± 9.2
 9.9 ± 3.7
0
12.0 ± 12.0
0.450
0.680
 31.5 ± 10.2
37.0 ± 7.3
 26.8 ± 12.2
14.1 ± 7.3
0.725
0.056
Distance between consecutive roosts (m)
   Male
   Female
   Total
 745 ± 354
387 ± 82
 489 ± 119
234
215 ± 42
217 ± 38
0.654
0.073
0.037
236 ± 73
147 ± 30
192 ± 40
159 ± 38
207 ± 20
189 ± 19
0.394
0.100
0.947
Number of individuals in roost
   Male
   Female
 2.3 ± 0.7
 9.7 ± 1.2
5.0 ± 3.4
8.7 ± 2.8
0.330
0.156
    1.0 ± 0
    9.3 ± 1.7
9.8 ± 2.3
8.3 ± 1.9
< 0.001
  0.818
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Forty-seven percent of roosts used by C. gouldii at Naring were occupied for only a
single day before the individual moved to a new roost, which did not differ from the
rate for individuals roosting in Barmah forest (50%; χ2 = 0.082, df = 1, p = 0.775).
The mean length of time spent in the one roost by C. gouldii at Naring was 2.5 ± 0.2
days (range 1-15 days, n = 101), which was not significantly different from that
observed in Barmah forest (Table 7.6).  There was no difference between males and
females in the rate at which they shifted roosts at Naring (Table 7.6; t = 1.681,
df = 99, p = 0.096 for log-transformed data), and likewise no difference between
lactating and non-breeding females (2.2 ± 0.4 days vs 2.2 ± 0.3 days; t = 0.392,
df = 59, p = 0.697 for log-transformed data) – consistent with the pattern in Barmah
forest (Table 7.6).
Since individuals at Naring roosted in both remnant blocks and scattered trees, it was
possible to investigate the effect of tree density on the rate of roost shifting within the
same area.  To do this, residence time in each roost was compared with the density of
trees surrounding it.  To distinguish between the effect of tree density per se and the
availability of potential roosts, comparisons were made using both the total number of
trees (i.e. stems > 10 cm DBH), and the number of trees containing potential roost
sites.  For C. gouldii, the latter was the density of hollow-bearing trees, since this
species roosts exclusively in tree hollows.  For N. geoffroyi, the comparison was made
with trees that contained either hollows or exfoliating bark.  There was a significant
negative correlation between residence time of N. geoffroyi and the density of all
surrounding trees (rs = -0.314, p = 0.001, n = 108), and also with the density of trees
containing either hollows or loose bark (rs = -0.302, p = 0.002, n = 108).  That is, as
the density of trees in the vicinity of roost sites decreased, individuals remained for
longer periods within the one roost.  C. gouldii revealed a similar, but weaker, trend
with a negative correlation with total trees in the surrounding plot (rs = -0.208,
p = 0.046, n = 93) but no significant correlation with the number of hollow-bearing
trees (rs = -0.159, p = 0.128, n = 93).
7.3.5   Re-use of roost sites
To investigate how frequently individuals returned to roosts, the number of roosts that
were subsequently re-used within the same tracking session was calculated.  This was
restricted to individuals that used multiple roosts and for which roosts were located on
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seven or more consecutive days.  At Naring, 13% of roosts used by N. geoffroyi were
re-used in the same tracking session (Table 7.6), with no significant difference
between males and females (Mann-Whitney U-test, U = 36.50, p = 0.419).  Roosts
were re-used at a similar rate (10%) in Barmah forest (Table 7.6).
At Naring, C. gouldii re-used roosts significantly more often than did N. geoffroyi
(34% vs 13%, U = 102.50, p = 0.009).  There was no difference in the rate at which
male and female C. gouldii re-used roosts at Naring (Table 7.6; U = 42.50, p = 0.842).
Female C. gouldii tended to re-use roosts more often at Naring than Barmah forest
(Naring 37%, Barmah 14%), with this difference close to significant (U = 22.50,
p = 0.056).  There was no difference between the rate of re-use for males (Table 7.6).
The cumulative number of roosts used by individuals of N. geoffroyi within a single
tracking session did not reach an obvious asymptote in either study area within 10-15
days, but the number of roosts used was consistently higher in Barmah forest (Fig.
7.2).  For C. gouldii at Naring, the increase in new roosts appeared to slow after about
12-13 days at approximately three roosts (Fig. 7.2).  A similar pattern occurred in
Barmah forest after 10-13 days of tracking, but at about five roosts per individual
(Fig. 7.2).  These results support the finding that C. gouldii re-use roosts at a greater
rate at Naring than in Barmah forest.
7.3.6   Distance between consecutive roosts
In the fragmented landscape at Naring, N. geoffroyi moved a mean of 489 ± 119 m
between consecutive roosts.  There was a high level of variability in this data (mean
values for individual males ranged from 28-2454 m; females 38-1200 m).  This was
due to some individuals roosting exclusively within remnant blocks and moving small
distances between roosts, while others roosted in scattered trees or incorporated both
blocks and scattered trees in their roost area, and therefore moved further (Fig. 7.3).
There was no significant difference in the mean distance between consecutive roosts
for individual male and female N. geoffroyi (Table 7.6; t = 0.960, df = 7.718,
p = 0.366, using the test statistic adjusted for unequal variances), nor between roosts
of lactating and non-breeding females (371.8 ± 98.1 m vs 408.9 ± 150.5 m; t = 0.217,
df = 18, p = 0.831).
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Fig. 7.2.  Cumulative numbers of roosts used by individuals of Nyctophilus
geoffroyi and Chalinolobus gouldii with time radio-tracked at Naring and
Barmah forest.  Each data point is represented by a minimum of five individuals.
Values are means ± SE.
a) Nyctophilus geoffroyi
b) Chalinolobus gouldii
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Fig. 7.3.  The sequence of roosts used by a lactating female Nyctophilus geoffroyi
in the Naring farmland.  All three roosts were in dead trees which are not visible on
the aerial photograph.
Distances between consecutive roosts used by N. geoffroyi at Naring were
significantly greater than those in Barmah forest (Table 7.6).  Maternity roosts in
Barmah forest tended to be closer together than those at Naring, but this difference
was not significant (Barmah forest 191 ± 51 m, Naring 372 ± 98 m; t = 1.333, df = 17,
p = 0.200).  All maternity roosts in Barmah forest were less than 400 m from the
previous roost.  However, at Naring several lactating females moved up to 1.3 km
between consecutive roosts, which presumably involved transporting their young this
distance.
days 1- 6
days 7-12
days 13-15
500 m
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At Naring, roosts of C. gouldii were significantly closer together than those of
N. geoffroyi (Table 7.6; t = 2.371, df = 32.747, p = 0.024).  There was no difference in
the distances moved by male and female C. gouldii at Naring (Table 7.6; male range
31-325 m, female range 10-638 m; t = 1.132, df = 18, p = 0.272).  Similar distances
were moved between consecutive roosts in the continuous forests of Barmah and the
fragmented agricultural landscape at Naring, for both males and females (Table 7.6;
Fig. 7.4).
Fig. 7.4.  The sequence of roosts used by a male Chalinolobus gouldii roosting
solitarily among scattered trees at Naring.  Note the smaller scale of movement
undertaken by this individual compared to the female Nyctophilus geoffroyi in
Fig. 7.3.
7.3.7   Colony sizes
In both study areas, individuals of N. geoffroyi and C. gouldii roosted either solitarily
or in small groups.  The majority of roosts (71%) occupied by male N. geoffroyi at
Naring contained only a single individual.  In contrast, only four of 38 roosts (11%)
occupied by female N. geoffroyi at Naring consisted of a single individual.  Roosts
days 1-2
days 3-4
days 5-6
days 7-13
 100 m
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occupied by females had significantly more individuals than those used by males
(female 9.7 ± 1.2, range 1-28 individuals, n = 38 roosts; male 2.3 ± 0.7, range 1-10
individuals, n = 14; t = 4.706, df = 50, p < 0.001 for log-transformed data).  In contrast
to Barmah forest, where maternity roosts contained significantly more individuals
than did roosts of non-breeding females (maternity roosts 18.3 ± 5.7 individuals,
n = 7; non-breeding roosts 2.6 ± 0.6, n = 11; t = 5.201, df = 16, p < 0.001 for log-
transformed data), at Naring there was no significant difference (maternity roosts 10.9
± 1.6 individuals, n = 22; non-breeding roosts 8.1 ± 1.9, n = 16; t = 1.133, df = 36,
p = 0.265).  The colony size of maternity roosts in Barmah forest and Naring were not
significantly different (t = 1.413, df = 27, p = 0.169 for log-transformed data).  The
largest maternity roost of N. geoffroyi at Naring contained 28 individuals.
There was a marked difference in the colony sizes of roosts used by male and female
C. gouldii at Naring.  All roosts located by radio-tracking a male C. gouldii, and
where the number of individuals could be determined (n = 23), comprised only that
individual.  In contrast, females roosted in colonies of 9.3 ± 1.7 individuals (range
1-28, n = 23 roosts), with only four roosts (17%) used by a single individual.  Three of
the roosts used by solitary males were occupied by radio-tracked females in the
following month.  In Barmah forest, colony sizes of males and females were similar.
There was no significant difference between the two study areas in the size of female
colonies, but male colonies were significantly smaller at Naring (Table 7.6).
7.4   Discussion
Both species of tree-hole roosting bats showed significant differences in roosting
ecology and behaviour between the continuous forest environment in Barmah forest
and the highly fragmented rural landscape at Naring.  Further, the responses shown to
the marked change in availability of roosts between the study areas differed between
the two species (Table 7.7).
Nyctophilus geoffroyi used a broader range of roost sites, particularly for maternity
roosts, in the farmland environment than in continuous forest.  In contrast, C. gouldii
selected similar types of roost sites in the two environments.  In both environments
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individuals of N. geoffroyi roosted in parts of the landscape that had higher densities
of preferred roost trees than generally available.  Individuals of C. gouldii selected
roost areas in Barmah forest that had higher densities of preferred roost trees, but no
such selection was shown in the Naring farmland.
Table 7.7.  A summary of the predicted responses of Nyctophilus geoffroyi and
Chalinolobus gouldii to roosting in a fragmented landscape compared to a
continuous forest environment.
Response Nyctophilus geoffroyi Chalinolobus gouldii
Use a broader range of roost sites Largely yes Largely no
Select parts of the landscape with
   higher densities of roosts
Yes (selected stands
  with high densities in
  both environments)
No (selective in Barmah
  forest but not at Naring)
Shift roosts less frequently Yes No
Re-use roosts more frequently No Trend (but not significant)
Move greater distances between
   consecutive roosts
Yes No
Form larger sized colonies No No
Roosting behaviour differed between environments for N. geoffroyi, but less obviously
so for C. gouldii (Table 7.7).  Individual N. geoffroyi moved greater distances between
consecutive roosts and shifted between roosts less frequently in the farmland
environment, but re-used roosts at a similar rate in both areas.  C. gouldii moved
similar distances between roosts and shifted between roosts at a similar frequency in
both environments, but displayed a trend for re-using roosts more frequently in
farmland.  Neither species increased colony sizes to compensate for the reduced
availability of roosts in the farmland at Naring.  The only change was for smaller
colony sizes for C. gouldii males in farmland environment, with all tracked
individuals roosting solitarily.
7.4.1   Roost selection
Individuals of N. geoffroyi and C. gouldii showed complex patterns of roost selection
in both environments, with inter- and intra-specific differences in the roosts occupied.
In Barmah forest, roosts used by N. geoffroyi were predominantly in fissures, while at
Naring, cavities in spouts, holes, under bark and in buildings were also used
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extensively.  This difference was particularly pronounced for maternity roosts.  In the
Barmah-Picola study, lactating females had access to all of these alternate roost types
in close proximity to their foraging areas in the farmland environment (Chapter 4), but
did not use them, instead travelling considerable distances to roost in Barmah forest.
This suggests that the type of roosts selected in Barmah forest are preferred as
maternity roosts and that individuals at Naring use a greater range of roost types due
to the lower availability of their preferred type.  If so, this could have implications for
the long-term viability of farmland populations, because the use of sub-optimal roosts
can result in lower reproductive success (Brigham and Fenton, 1986).  For example, a
study that compared the roosting ecology of the long-tailed bat Chalinolobus
tuberculatus in an extensive unmodified forest and a highly fragmented agricultural
landscape in New Zealand, reported a lower productivity per adult female and a lower
survival of juveniles in the modified agricultural environment (Sedgeley and
O'Donnell, in press).  These outcomes were attributed to the lower quality of roosts in
the agricultural landscape.  Female N. geoffroyi successfully reared young at Naring
(Lumsden, unpublished data), but data are not available on the long-term survival or
productivity of adult females to determine whether use of a greater variety of roosts
influenced breeding success in this population.
Nyctophilus geoffroyi consistently roosted in dead timber in both study areas, but at
Naring a lower proportion of roost trees were dead, with roosts more often located in a
dead section of a live tree.  Smaller diameter trees were used as roosts at Naring
although this was influenced by the different growth form of the dominant tree
species.  Other studies have found bats to roost in smaller diameter trees where
roosting opportunities are reduced.  In NSW, the eastern forest bat Vespadelus
pumilus selected roosts in large, old trees when roosting in old-growth forest, while
cavities in smaller understorey trees were used in a forest regenerating after logging in
which hollow availability was lower (Law and Anderson, 2000).  Such understorey
trees were not used where abundant hollows were available in large canopy trees.
A consistent feature of roosts of N. geoffroyi in both areas was the narrow entrance
dimensions, approximately equal to the width of the bat’s body.  A narrow roost
entrance is a common feature of the roosting ecology of this species throughout its
Australian range (Chapter 8), and is suggested to be one of the key influences on roost
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site selection by this species (Chapter 5).  Roosts with small entrance dimensions may
reduce competition for hollows with larger species and limit access by predators to the
roost.
Roost sites used by C. gouldii in the two study areas were similar in most attributes:
predominantly in dead spouts, facing north, in large-diameter, live trees.  Roost trees
at Naring were smaller in diameter and roosts were lower than in Barmah forest, but
these can be attributed to the different growth form of the dominant tree species in
each area.  The benefits of roosting in a dead spout on a large live tree are not clear,
but selective pressure for using this roost type appears to be strong as individuals
consistently selected such roosts, despite the ready availability of a range of
alternative cavities.
Limited use was made of buildings as roosts by either species in the farmland
environment at Naring, despite the widespread availability of anthropogenic
structures.  Both species roost in buildings elsewhere (Young, 1980; Tidemann and
Flavel, 1987; Dixon and Huxley, 1989), generally more frequently in urban
environments where natural roosts are limited.  As suggested for bat species elsewhere
(e.g. Brigham, 1991; Evelyn et al., 2004), suitable natural roosts, where available,
appear to be used in preference to buildings.
7.4.2   Location of roosting areas
There were marked differences between study areas for both species in the
relationship between roosting and foraging locations.  In the Barmah-Picola study
area, which included the continuous Barmah forest and adjacent farmland mosaic,
female N. geoffroyi and both sexes of C. gouldii chose to roost in Barmah forest and
forage in farmland, and commute large distances between the two.  At Naring, where
the landscape pattern was one of small wooded remnants amongst farmland,
individuals moved relatively small distances between foraging and roosting locations,
suggesting that there were few incentives or benefits in moving large distances.  For
C. gouldii there may be a distance threshold, that is between the distance moved
regularly by individuals in the Barmah-Picola study (up to 10 km) and the distance
between the Naring study area and extensive forest (> 16 km), travelled by only one
individual.  Male N. geoffroyi, which roosted predominantly in the farmland
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environment in both study areas, moved similar distances between roost sites and
foraging locations (Chapter 4); but the few individuals that roosted in Barmah forest
travelled considerably further (Table 7.2).  These results serve to highlight that bats
are flexible in the distances they will move between roost sites and foraging areas, and
that this is influenced by the configuration of preferred foraging and roosting habitat
in the landscape.
The availability of roosting opportunities in rural landscapes such as Naring, needs to
be considered at both the patch and landscape scale.  Because the remnants in
farmland consist mainly of mature hollow-bearing trees, a high density of potential
roosts is available within these small patches of habitat.  If a single remnant is large
enough, the density of hollow-bearing trees appears to be sufficient to provide all the
roosting requirements of an individual or colony.  However, if the remnant is small the
overall number of roost sites may be limiting (despite a high density) and adjacent
remnants or scattered trees may need to be included in the roost area to meet the
requirements of an individual or colony.  In Barmah forest by contrast, there is a
greater overall availability of roosts because of the continuous nature of the forest, but
the local density of potential roost sites is lower because many mature trees have been
harvested.  The density of potential roost trees in Barmah forest appears to be lower
than optimal, because both species selected stands that had a high density of preferred
roost trees.  In contrast, when individuals of C. gouldii roosted in remnant blocks at
Naring they did not select areas with higher densities of preferred roost trees than
were generally available.  This suggests that the available habitat in remnant blocks at
Naring supported an adequate density of potential roosts, negating the need to select
particular locations.
Consistent with its preference for roosting in dead trees, N. geoffroyi selected parts of
the landscape that contained higher densities of dead trees than was generally
available.  This was especially evident in Barmah forest where stands were selected
that had higher densities of hollow-bearing dead trees in all size categories
(Chapter 4).  At Naring, N. geoffroyi selected areas with small dead trees that had
potential roosts in the form of hollows or exfoliating bark.  In both study areas
approximately half of the hollow-bearing trees surrounding roosts used by N. geoffroyi
were dead.
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Direct comparison between the density of hollow-bearing trees at Barmah forest and
Naring is limited because the assessment of hollow availability was conducted more
thoroughly at Naring.  Each branch of each tree was assessed (using binoculars where
necessary) to determine whether hollows were present, whereas a more rapid
assessment was undertaken in Barmah forest.  Nevertheless, the density of hollow-
bearing trees does appear to be high in remnant blocks at Naring (40 hollow-bearing
trees/ha).  Undisturbed woodlands throughout eastern Australia typically contain 7-17
hollow-bearing trees/ha (Gibbons and Lindenmayer, 2002).  At Naring, woodland
vegetation is dominated by mature trees with little regeneration, and so a high
proportion of trees contain hollows (49%; Table 7.5).  In contrast, in Barmah forest
where there is ample regeneration, only 7% of trees had visible hollows (12 hollow-
bearing trees/ha; Chapter 4).
Both species made extensive use of scattered trees in farmland as roost sites, with
approximately 35% of the roosts of each species among scattered trees (i.e. stands
with < 20 trees/ha).  Scattered paddock trees, therefore, make a significant
contribution to the roosting habitat available for both species.  There were intra-
specific differences in the use of scattered trees by C. gouldii: females rarely roosted
there, while they represented over half of the roosts located for males.  As maternity
roosts are a critical habitat requirement, this suggests that for C. gouldii remnant
blocks represent higher quality roosting habitat.  C. gouldii are likely to be adversely
affected by further clearing and fragmentation of remnant blocks in agricultural
landscapes.  In contrast, both sexes of N. geoffroyi used scattered trees equally,
including as maternity roosts.  Interestingly, when roosting in scattered trees neither
species selected areas that contained higher densities of trees than were generally
available.  This result was unexpected as denser stands would provide more trees from
which to select roosts and would reduce the distance between roosts.  Elsewhere in
Australia, bats have also been observed roosting in isolated paddock trees (Parnaby
and Cherry, 1992; Rhodes and Hall, 1997; Law et al., 2000), although generally the
extent to which they are used has not been quantified.
7.4.3   Roost fidelity and re-use
As is typical for tree-hole roosting bats, both species regularly moved between roosts
within a discrete roost area.  In a review of roost fidelity in bats, Lewis (1995) found
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that fidelity was inversely related to roost availability: species that used roost types
that were uncommon (e.g. caves, buildings) were more site faithful than species that
roosted in types that were more abundant (e.g. foliage, tree cavities).  On this basis, it
could be expected that greater roost fidelity would occur in locations where tree-hole
roosts are uncommon than where they are abundant.
In addition to the duration of use of a roost, knowledge of the rate at which individuals
re-use roosts provides further understanding of roost fidelity.  From a conservation
perspective, knowledge of both aspects is important because together they influence
the total number of roosts required by an individual or population in a local area.
Species that have low roost fidelity and rarely re-use roosts require a greater pool of
roosts compared with those that move less frequently and re-use roosts regularly
(Chung-MacCoubrey, 2003).  High roost fidelity or high re-use of roosts may be
alternative ways to reach the same outcome of requiring fewer roosts overall.  In this
study, N. geoffroyi shifted between roosts less frequently at Naring than in Barmah
forest, but re-used roosts at a similar frequency in both environments.  In contrast,
C. gouldii shifted between roosts at a similar frequency in both areas, but tended (non-
significant trend) to re-use roosts more often in the farmland environment.  For both
species the difference in roosting behaviour between continuous forest and farmland
can be attributed to an overall reduced availability of roosts in the farmland mosaic.
Why do the two species, roosting in the same environments, respond in different
ways?  Lewis (1995) suggested a number of benefits from shifting roosts on a regular
basis: to reduce commuting distances to foraging areas; to reduce predation risk; to
reduce parasite loads; to become familiar with a range of microclimatic conditions in
roosts; and to gain knowledge of alternative roosts in case some are destroyed or
become unsuitable.  The relative advantage from each of the benefits gained by
regularly moving between roosts may not be the same for both species.  The ways in
which these aspects may influence roost switching behaviour for these two species
were explored in Chapter 6.
There was a significant negative correlation between residence time in a roost for
N. geoffroyi and the density of all trees, and of potential roost trees in the surrounding
area.  It is not possible to distinguish whether the increased roost fidelity in stands
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where trees were sparse was due to the shortage of potential roosts, or to some other
function of tree density such as protection from predators.  C. gouldii also showed a
significant negative correlation between roost fidelity and total tree density, but not
with density of hollow-bearing trees: this suggests that other correlates of tree density
may be influencing factors.
Shifting roosts regularly has been associated with enabling individual bats to become
familiar with a large number of roosts with differing microclimates and as alternatives
if some roosts become unsuitable (Lewis, 1995).  A reduced availability of roosts
would provide fewer options in terms of potential microclimates, and fewer
alternatives if roosts are lost (either due to natural causes or clearing).  In studies on
the Indiana bat Myotis sodalis in Michigan, USA, a species with a similar roosting
ecology to N. geoffroyi, individuals shifted roosts every 2-3 days both in an area with
abundant roosts and in another with limited potential roosts (Kurta et al., 2002).
These authors suggested that the main reason the bats shifted roosts so regularly in
both areas was to maintain knowledge of alternate roosts.  The roosts used were
relatively ephemeral and so it was hypothesised that it was important for individuals
to discover and monitor a number of suitable roost sites.  Other studies in the USA
have suggested that a lower availability of suitable roosts does result in longer
residence times (Sherwin et al., 2003; Evelyn et al., 2004).  Roosts may continue to be
re-used over a number of years (Chung-MacCoubrey, 2003; Willis et al., 2003),
although their suitability can decline with time (Barclay and Brigham, 2001).
7.4.4   Distances between roosts
Individuals of N. geoffroyi roosting at Naring moved significantly further between
consecutive roosts than did individuals in Barmah forest.  This can be attributed to the
patchy distribution of woodland vegetation in the farmland mosaic.  If there are
insufficient suitable roosts within a single habitat patch, then an individual must also
use roosts in adjacent patches or stands of scattered trees, thus increasing the average
distance between roosts.  For many individuals of N. geoffroyi this was the case, with
roosts occupied within a discrete roost area that encompassed woodland blocks and
adjacent scattered trees.  Similar results have been documented for M. sodalis in the
USA.  In two studies in Michigan in locations that had different levels of roost
availability, the distances that individuals moved between consecutive roosts differed
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significantly (Kurta et al., 2002).  Where there were high densities of potential roost
trees (110 trees/ha), the average distance between consecutive roosts was 74 m, with a
maximum of 178 m.  Where potential roost trees were patchily distributed in a rural
landscape, the average distance between roosts was 686 m, with a maximum of 5.8
km moved in one night.
Results were not the same for both species in this study: individuals of C. gouldii
moved an average of less than 200 m between consecutive roosts, irrespective of
whether roosts were located in continuous forest or the fragmented rural landscape.
For this species, either there were sufficient suitable roosts within close proximity at
Naring as in Barmah forest, or the ‘cost’ of moving a greater distance restricted
individuals from moving further.  Individual bats shift between roosts after returning
from foraging, and as roosts are relatively close together compared with distances
moved while foraging, energetically it makes little difference to which roost they
return.  The main time when physical transfer between roosts may be costly is when
lactating females move their young between roosts.  Females can carry a high
proportion of their body mass in flight, but they are likely to be less manoeuvrable
than during normal flight and may be subject to a greater risk of predation.  As both
species typically have twins (Lumsden and Bennett, 1995b,c), this increases the time
that females are in flight, and hence the potential risk.  Another potential disadvantage
of moving further between roosts may be if there is a social element to selecting a new
roost for a colony, in which case nearby roosts may be more conspicuous to other
members of the colony.
7.4.5   Colony sizes
For neither species did the number of individuals using each roost increase as a
response to the reduced availability of roosts in the farmland environment.  Similar
colony sizes to those recorded in this study have been found for these species
throughout their geographic range, despite roosting in different environments
(reviewed in Chapters 6 and 8).  In a long-term study of C. gouldii occupying bat
boxes at Organ Pipes National Park, Melbourne (N. Schedvin and R. Bender, pers.
comm.), the average colony size was approximately seven individuals, which is
similar to this study (8-9 individuals).  These bat boxes have large internal cavities
capable of housing at least 60 individuals, which suggests that in general, internal
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dimensions are not likely to limit the number of individuals using roosts.  Internal
dimensions of roosts were not measured in this study, but for at least some there was
considerable space available for more individuals.  Larger colony sizes may increase
parasite loads, which may reduce benefits gained by grouping in greater numbers.
Likewise, larger colonies may increase the potential for predation, by making the roost
more conspicuous to visual- or olfactory-orientated predators.
Alternatively, social organisation may have a strong influence on the size of colonies,
with similar processes applying in both environments.  However, little is known of the
social organisation of either species and so it is difficult to speculate on this aspect.
Studies of C. gouldii at a roost in a building in Melbourne (Dixon and Huxley, 1989)
and in bat boxes at Organ Pipes NP (N. Schedvin and R. Bender, pers. comm.)
indicate that colonies tend to be female dominated, but adult males are also present in
varying numbers.  There was little difference between males and females of C. gouldii
in the location of roosts, roost selection or roosting behaviour for individuals roosting
in Barmah forest (Chapters 4-6).  In contrast, in the Naring farmland all male
C. gouldii roosted solitarily, compared with only 21% of roosts used by males in
Barmah forest being solitary.  Similarly, only 30% of roosts in bat boxes at Organ
Pipes NP that contained male C. gouldii were solitary roosts (N. Schedvin and R.
Bender, pers. comm.).  It is not known why males predominantly roost communally in
the continuous Barmah forest but roost solitarily in farmland at Naring.
7.4.6   Conservation implications
This study has two main implications for the conservation of bats.  First, it provides
evidence that environmental changes that affect the availability of roosting resources
have implications for the roosting ecology and behaviour of bat species.  The next step
is now to examine how such changes in roost selection and roosting behaviour affect
the status of local populations.  Further, there is a clear need for greater understanding
of the consequences of land-use change on the density and demographic structure of
bat populations, on reproductive success and survival, and on social organisation in
these species.  Knowledge of these aspects of bat biology are essential if we are to
understand the processes that determine whether populations in rural landscapes are
viable in the longer term, or are on a trajectory of decline.
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Second, it provides evidence that responses to differing levels of roost availability
differ between species.  N. geoffroyi and C. gouldii are both common and widespread
in rural environments but displayed different responses to land-use change.  It is likely
that other species, particularly those that have more specialised requirements or more
restricted distributions, will show further variation in responses to land-use change.  It
is a reminder that assessing the impact of land-use change on bats, and other species,
is seldom straight forward or predictable.
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CHAPTER 8
Flexibility and specificity in roosting ecology of
the lesser long-eared bat Nyctophilus geoffroyi
Lesser long-eared bat  Nyctophilus geoffroyi
This chapter is in press in a refereed book resulting from symposia at the
12th International Bat Conference in Malaysia in 2001.
Lumsden, L.F., and Bennett, A.F. (in press). Flexibility and specificity in roosting
ecology of the lesser long-eared bat Nyctophilus geoffroyi: A common and
widespread Australian species. In Functional and Evolutionary Ecology of Bats.
Akbar, Z., McCracken, G.F. and Kunz, T.H. (Eds). Oxford University Press, Oxford.   
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8.1   Introduction
Diurnal roost sites are a critical component of the ecological requirements of bats.
Many species roost in cavities within trees, but knowledge of how they select such
roosts is a relatively recent field of study.  An increasing body of literature suggests
that tree-hole roosting bats are highly selective in their choice of roosts (reviewed by
Kunz and Lumsden, 2003).  It has been proposed by Vonhof and Barclay (1996) that
selection pressures experienced by tree-hole roosting bats in temperate regions,
generally should be similar, and hence that all species should select similar roosts.
While a range of species conform to this prediction (Kunz and Lumsden, 2003), a
number of studies on sympatric species have identified differences in the types of tree-
hole roosts that they select, despite access to the same roosting opportunities (Foster
and Kurta, 1999; Chapters 5 and 7).
One way to investigate patterns and influences on roosting ecology is to examine a
single species throughout its geographic range, to determine how consistent it is in
roost selection despite the differing environments and climatic regimes in which it
lives.  By comparing various aspects of the roosting ecology of a species, including
those that show a high level of specificity and those where roost use appears more
flexible, we may gain a better understanding of the key influences on roost selection.
The lesser long-eared bat, Nyctophilus geoffroyi, is a common vespertilionid that is
endemic to Australia.  It is a small (7 g body mass) species that forages with a slow,
manoeuvrable flight pattern, catching prey by aerial hawking and, at times, gleaning
insects from vegetation (O'Neill and Taylor, 1986; Grant, 1991; Brigham et al.,
1997a).  The diet consists primarily of Lepidoptera, Orthoptera, Coleoptera,
Hemiptera and Hymenoptera (Churchill, 1998; Chapter 3).
Nyctophilus geoffroyi has an extensive geographic range, being absent only from a
narrow strip along the north-eastern coast of Australia (Fig. 8.1).  A wide range of
environments are inhabited, from arid regions in central Australia to tropical forests
and woodlands in the north, and temperate forests, rainforests and alpine areas in the
south (Churchill, 1998).  It has adapted to living in both urban and rural areas, and is
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Fig. 8.1.  The distribution of the lesser long-eared bat Nyctophilus geoffroyi
(Churchill, 1998) and biogeographic regions in Australia, and the location of
study areas where roosting ecology has been investigated.  Study area locations: a.
Northern Plains, Victoria (Barmah-Picola study); b. Northern Plains, Victoria (Naring
farmland study); c. Strathbogie Ranges, Victoria; d. Armidale, northern New South
Wales; e. south-western Western Australia; f. Tasmania; g. Simpson Desert; h(i)
Adelaide, South Australia, and h(ii) Canberra, Australian Capital Territory.
often one of the more common species of bats in these modified environments
(Lumsden and Bennett, 1995b).  A wide variety of roost types have been reported (see
section 8.2), which led Maddock and Tidemann (1995) to suggest that N. geoffroyi is a
generalist that shows little selectivity for roosting sites.  However, several recent
studies have revealed a high level of specificity in roost site selection (N. Schedvin,
pers. comm.; Chapters 4-6).  In this chapter eight studies on the roosting ecology of N.
geoffroyi are reviewed in order to identify characteristics that appear to be flexible or
specific, and to use this analysis as a basis for exploring possible influences on roost
site selection.
a b
c
d
g
f
h(i) h(ii)
Tropical
Arid
South-west
Temperate
Area where 
is 
absent
N. geoffroyi 
e
Biogeographic regions
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8.2   Roosting ecology of Nyctophilus geoffroyi
Nyctophilus geoffroyi uses a wide variety of roost types.  Roosts are predominantly in
tree cavities, but it has also been recorded within mud nests of the fairy martin,
Hirundo ariel, between layers in clothing hung outside, sacks hung over rafters,
canvas awnings, fence posts, under rocks on the ground and even inside a pendulum
cuckoo clock (Lumsden and Bennett, 1995b; Schulz, 1998).  Buildings are also used
for roosting, predominantly in urban environments.  Although all roosts for N.
geoffroyi reported by Tidemann and Flavel (1987) were within buildings, this may
over-emphasise the use of these structures as their study was primarily in urban areas,
based mainly on roosts reported by the general public.  In rural settings, buildings are
used less frequently, despite being readily available, suggesting that where there are
suitable tree cavities, these are used preferentially (Chapter 5).  Unlike some northern
hemisphere species, which use tree cavities in summer but hibernate underground (van
Zyll de Jong, 1985; Schober and Grimmberger, 1989; Mayle, 1990) N. geoffroyi
roosts in trees year-round, despite occupying areas where temperatures fall below 0oC
in winter.  There are, however, occasional records of individuals within the mouth of
caves or rock crevices, or being found (often dead) further into complex cave systems
(Maddock, 1972; Parker, 1973; Turbill, 1999).
Eight studies have investigated the roosting ecology of N. geoffroyi, together resulting
in the location of 342 roosts.  These studies are the source material for this review
(Table 8.1), with the locations of the study sites shown in Fig. 8.1.  Most studies took
place in temperate forests and woodlands in southern Australia, including south-
western Western Australia (Hosken, 1996); Tasmania (Taylor and Savva, 1988); the
Strathbogie Ranges of central Victoria (N. Schedvin, pers. comm.) and the Northern
Tablelands of New South Wales (Turbill, 1999).  The most extensive studies have
been conducted in Victoria, with 139 roosts located during an investigation of the use
of remnant vegetation in farmland and a nearby floodplain forest (Barmah forest) in
the Northern Plains (Chapters 4-6), with a further 85 roosts located in a follow-up
study investigating the roosting ecology of N. geoffroyi in farmland isolated from
extensive forests (Chapter 7).  One study has been conducted in urban areas
(Tidemann and Flavel, 1987).  Only limited information is available on the roosting
ecology of N. geoffroyi from arid regions of central Australia (Williams, 2001),
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Table 8.1.  A comparison of roost characteristics and roosting behaviour between eight studies undertaken on the roosting ecology of the
lesser long-eared bat Nyctophilus geoffroyi.  Figures are means ± SD, or percentages as indicated.
Character Northern
Plains, Vic
(Barmah-
Picola)
Northern
Plains, Vic
(Naring
farmland)
Strathbogie
Ranges, Vic
Northern
NSW
South-west
WA
Tasmania Simpson
Desert
SA & ACT
Source Chapters
4, 5 & 6
Chapter 7 N. Schedvin
pers. comm.
Turbill, 1999 Hosken, 1996 Taylor and
Savva, 1988
Williams,
2001
Tidemann and
Flavel, 1987
Number of roosts located 139 86 27 34 16 7 6 28
Number of individuals radio-tracked 45 34 14 13 5 5 4 -
Environment remnants in
farmland &
extensive
woodland
remnants in
farmland
forest woodland woodland forest arid woodland urban
Type of roost
   Tree or timber remains
   Building
   Rock structure
96%
3%
1%
91%
9%
-
100%
-
-
97%
-
3%
100%
-
-
100%
-
-
100%
-
-
-
100%
-
Proportion of roosts in dead trees 79% 47% 37% 64% 75% 14% 67% -
Proportion of roosts in dead limbs
(on live or dead trees)
89% 88% 56% 73% 75% - 100% -
Tree size (DBH, cm)
   Males
   Females (all)
   Maternity roosts
  42.4 ± 28.9
  79.4 ± 48.6
105.1 ± 48.9
63.6 ± 28.5
70.1 ± 39.8
66.9 ± 34.4
57.0 ± 46.7
90.1 ± 53.8
83.4 ± 51.5
-
-
-
57 1
-
-
-
-
-
-
14.2 ± 4.2 1
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Table 8.1 (cont’d).  A comparison of roost characteristics and roosting behaviour between eight studies.
Character Northern
Plains, Vic
(Barmah-
Picola)
Northern
Plains, Vic
(Naring
farmland)
Strathbogie
Ranges, Vic
Northern
NSW
South-west
WA
Tasmania Simpson
Desert
SA & ACT
Type of cavity within tree
   Under bark
   Hole
   Spout
   Fissure
   Bole
46%
11%
12%
31%
-
35%
30%
13%
22%
-
-
41%
23%
36%
-
61%
18%
-
21%
-
100%
-
-
-
-
50%
-
-
25%
25%
17%
-
33%
50%
-
2
Roost entrance dimensions (cm)
(based on width of entrance)
2.5 ± 1.1 2.8 ± 1.3 2.5 ± 1.0 - - 3 2.1 ± 1.3  3.8 ± 4.6
Predominant roost entrance orientation N all directions N and W NW N and W - N and W E
Height of roost (m)
   Males
   Females
 3.3 ± 2.9
 8.7 ± 6.2
4.3 ± 2.6
5.4 ± 3.2
14.5 ± 13.4
13.4 ± 10.5
2.5 ± 0.3
2.1 ± 0.4
1.9 ± 1.4 1
-
-
-
-
2.5 ± 1.9 1
-
-
-
 3.8 ± 1.2
Distance between roost site and
capture point (km)
   Males
   Females
 1.9 ± 2.9
 6.7 ± 2.9
0.7 ± 0.8
1.4 ± 2.5
-
-
0.4 ± 0.2
  0.5 ± 0.2 3
0.9-1.2
maximum 1
-
-
-
-
0.6 ± 0.3 1
-
-
-
-
Mean no. individuals in roost
   Males
   Females
 1.5 ± 2.2
   7.0 ± 10.7
2.3 ± 2.6
9.7 ± 7.5
  32.5 ± 12.0
12.7 ± 8.2
1
9.5
 1 ± 0
 1 ± 0
-
12.7 ± 10.0
1 ± 0
3.5 ± 0.7
 1 ± 0
19.6 ± 9.6
Mean no. days spent in one roost  1.8 ± 1.6 2.5 ± 2.1 -      1.5 ± 0.5  1.1 ± 0.2 - 1.5 ± 0.6 -
Mean distance between consecutive
roosts (m)
322 ± 400 489 ± 784 180 ± 170 97 ± 74 194 ± 57 - 250 ± 212 -
1  data for both sexes combined.            2  all roosts were within buildings.
3  this figure is the mean for lactating females, the one non-breeding female tracked roosted 10.3 km from where it was caught.221
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and there are no published studies from tropical environments of northern Australia.
Anecdotal information is included where available; however, unless otherwise stated,
information presented is based on these eight studies.
A number of variables from each study are summarised in Table 8.1, although not all
studies collected data on every variable listed.  The variables include aspects of the
roost tree, the roost cavity within the tree, the landscape context of roosts, and
roosting behaviour.  Some studies have presented data for both sexes, and these have
been shown separately in Table 8.1 where there are marked differences.  The data are
categorised based on the sex of the individual carrying the radio transmitter that led to
the location of the roost.
8.3   Characteristics of roost trees
As expected from the extensive distribution and range of habitats used by N. geoffroyi,
roost sites have been recorded in a wide variety of tree species.  There is some
evidence that particular tree species are favoured: in the Strathbogie Ranges, all roosts
were in eucalypt species with rough bark (e.g. narrow-leaf peppermint Eucalyptus
radiata, red stringybark E. macroryncha), compared to those with smooth bark, which
were preferentially used by other species of bats in the same study area (e.g. eastern
false pipistrelle Falsistrellus tasmaniensis) (N. Schedvin, pers comm.).  In addition,
use of tree species may vary with weather conditions.  Hosken (1996) reported that
individuals shifted between dead banksias Banksia spp. and live melaleuca Melaleuca
spp. trees in response to storms, and attributed this movement to thermal
characteristics of the trees.  It is unlikely that N. geoffroyi selects roosts based on tree
species per se, rather that particular tree species provide different types of cavities
with different microclimates and physical dimensions.  This has also been reported for
species in North America that have similar patterns of roost site selection and roosting
ecology to N. geoffroyi (e.g. silver-haired bat Lasionycteris noctivagans Mattson et
al., 1996; Indiana bat M. sodalis Kurta et al., 1996; and northern bat Myotis
septentrionalis Foster and Kurta, 1999).
A common finding was that many of the roosts were in dead trees (Table 8.1; Plate
8.1).  In addition, where roosts were in live trees, they were predominantly located
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Plate 8.1.  Roost sites selected by Nyctophilus geoffroyi were frequently in dead
trees, such as this isolated tree in farmland in northern Victoria.  The roost is
indicated by the arrow.
within a dead section of the tree.  In most studies, over three-quarters of roosts were in
dead timber.  Where the availability of potential roost trees was assessed, dead trees
were used significantly more often than expected.  For example, in the Barmah-Picola
study only 19% of trees in the vicinity of roosts were dead, but 79% of roosts were in
dead trees (Chapter 5).  Eucalypts form cavities while still live and healthy
(Mackowski, 1984), and abundant cavities were available in live trees in these areas,
which were used extensively by sympatric species of bats (e.g. Gould’s wattled bat
Chalinolobus gouldii Chapter 5, and F. tasmaniensis N. Schedvin, pers. comm.).
Although little information is available from arid environments in Australia, the same
pattern of roosting in dead timber may occur (Wood Jones, 1923-25; Williams, 2001).
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The size of roost trees varies depending on the form of the locally available trees.  For
example, in the wet forests of the Strathbogie Ranges where trees are typically large,
the diameter of trees used was often greater than 80 cm.  In contrast, in the arid
woodlands of the Simpson Desert where trees are typically small, the mean diameter
of roost trees was only 12 cm (Table 8.1).  Where roost trees have been compared
with available trees, roost trees tend to be larger in diameter (Chapter 5).  There
appears to be intra-specific variation in the size of trees used as roosts, with males
often using roost trees of smaller diameter than females, and breeding females
selecting larger trees than non-breeding females (Table 8.1).  For example, in the
Barmah-Picola study area, maternity roosts were located in significantly larger trees
than those used by non-breeding females (105.1 ± 48.9 vs 57.4 ± 36.3 cm, p < 0.001;
Chapter 5).  However, in two other studies this was not the case (Table 8.1).
8.4   Characteristics of roost cavities
Approximately half of the roosts in most studies were located under exfoliating bark
on either live or dead trees (Table 8.1).  An exception to this pattern was from forests
in the Strathbogie Ranges where no roosts were located under bark, despite its
availability.  Extensive use of cavities under bark is a feature common to all species in
the genus Nyctophilus (Lunney et al., 1988, 1995; Churchill, 1998), and this is the
main group of bats in Australia that use this roosting resource.  Fissures, which often
form when dead timber cracks, were also consistently used by N. geoffroyi in most
studies.  Fissures and cavities under bark usually constituted about three-quarters of
all roosts (Table 8.1).  Other types of cavities available as potential roost sites
included holes on the trunk and main branches, spouts (hollow broken-off branches),
and cavities in the boles at the base of trees.  Sympatric bat species used one or more
of these alternate roost types extensively (N. Schedvin, pers. comm.; Chapter 5), but
N. geoffroyi made comparatively less use of these types of cavities.
The use of roosts under bark varies seasonally.  In some areas non-breeding females
roost under bark more frequently than do breeding females.  For example, in the
Northern Plains (Barmah-Picola) study, no maternity roosts were located under bark
despite 50% of roosts used by females outside the breeding season being located there
(Chapter 5).  However, in nearby farmland at Naring where only remnants of
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woodland persist and the availability of potential roost sites is lower, 11% of
maternity roosts were under bark (Chapter 7).  Turbill (1999) located two maternity
roosts in substantial cavities under thick bark on large, dead pine trees Pinus sp., and
McKean and Hall (1964) reported a maternity roost under the bark of a live rough-
barked eucalypt.
Of all roost characteristics, the most consistent and specific feature of roosts used by
N. geoffroyi is the dimension of the entrance to the roost.  Entrances to cavities used
by N. geoffroyi are often long and thin, especially when under bark and in fissures
(e.g. 2.5 cm wide x 1.5 m long; Plate 8.2) and so both entrance length and width are
usually measured.  The width is the dimension most likely to constrain other species
from entering the roost, and consequently this measure is used to compare between
studies and between species.  The three studies with extensive data on entrance
dimensions to tree cavity roosts report remarkably similar results (Table 8.1), with
means of 2.5 ± 1.0 to 2.8 ± 1.3 cm.  These entrance dimensions approximate the
average body width of N. geoffroyi.  Although these studies did not compare the
cavities used with those available, larger cavities were widespread in these forests as
shown by other species selecting cavities with larger openings (e.g. mean of 11 cm
diameter for C. gouldii [Chapter 5], and 8 cm for F. tasmaniensis [N. Schedvin, pers.
comm.]).  Roosts within buildings recorded by Tidemann and Flavel (1987), were
somewhat larger than those in tree cavities, with a mean entrance width of 3.8 cm.
Roost entrances faced a wide range of orientations; however, in most studies the
predominant directions faced were north and west.  North- and west-facing roosts
maximise exposure to solar radiation, which is likely to result in energetic savings for
bats (McNab, 1982).  In the northern hemisphere, roosts often face south for the same
reason (e.g. Mattson et al., 1996; Vonhof and Barclay, 1997; Kalcounis and Brigham,
1998).  This pattern was also found in hot desert regions, where bats may have been
expected to avoid excessive temperatures.   Williams (2001) recorded temperatures of
up to 36oC within a N. geoffroyi roost under bark on the north-west side of a dead tree
in the Simpson Desert.  An additional benefit of roosting on the northern side of a tree
in southern Australia, is greater protection from cold and wet weather conditions,
which predominantly comes from the south and west.
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Plate 8.2.  Small entrance dimensions were a consistent feature of Nyctophilus
geoffroyi roosts, which often occur under exfoliating bark or within narrow
fissures.
A consistent feature of roosts in woodland vegetation was that they were often low to
the ground, some less than 2 m above ground (Plate 8.3).  In contrast, the taller forests
of the Strathbogie Ranges had roosts that were higher, with a mean of 14 m above the
ground.  This is likely to be influenced by the lack of roosts under bark in this area, as
exfoliating bark is often located low on the main trunk of trees.  In one study
(Northern Plains, Barmah-Picola) males roosted significantly lower to the ground than
did females (Chapter 5), but this was not consistent across all studies (Table 8.1).  The
proportional height of the roost to the roost tree was comparable across studies, with
roosts located between 38% and 50% of the height of the tree.  That is, roosts are
generally located in the mid to lower sections of trees rather than in the upper canopy,
which is a function of the typical location of the main roost types, exfoliating bark and
fissures.
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Plate 8.3.  Roosts used by male Nyctophilus geoffroyi were often low to the
ground, such as under bark on this fallen tree.  The arrow indicates the location of
the roost.
8.5   Landscape context of roost sites
The slow manoeuvrable flight pattern of N. geoffroyi while foraging has led to the
suggestion that this species does not move large distances between roost sites and
foraging areas (Hosken, 1996).  However, substantial distances can be covered, with
some individuals roosting up to 12 km from where they foraged (Chapter 4).  This
study area was located near the interface between farmland and extensive forest, and
individuals appeared to select optimal areas for roosting (within the extensive forest),
and optimal areas for foraging (in remnant woodland in farmland), and readily
commuted between the two areas.  The sexes behaved markedly differently in this
respect, with females commuting significantly greater distances than males
(Table 8.1).  In other studies with more uniform environments (e.g. continuous forest,
or remnant vegetation in farmland), shorter distances were traversed between roost
sites and capture points (capture points are used to represent a foraging area of each
individual) (Table 8.1).  Using the wing morphology equation of Jones et al. (1995),
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the foraging range of N. geoffroyi was predicted to be 2.2 km (Chapter 4).  In general,
the results from most studies supported this prediction (Table 8.1), although a small
number of individuals from many of the studies moved greater distances.  It seems
that in environments where foraging and roosting resources are uniformly distributed
there is little need to commute large distances.  However, where there is an adaptive
advantage in doing so, individuals are capable of regularly undertaking greater flight
distances.
Nyctophilus geoffroyi often concentrates its roosts within particular parts of the
habitat.  Taylor and Savva (1988) found that all roosts were located in mature forest,
despite individuals having been trapped initially in regrowth forest.  In the Strathbogie
Ranges, N. geoffroyi predominantly roosted on drier ridges within the forest, and these
areas had a greater density of hollow-bearing trees than available in randomly located
sites (N. Schedvin, pers. comm.).  Likewise, roost sites were not randomly distributed
within the extensive Barmah floodplain forest in northern Victoria.  N. geoffroyi
preferentially roosted in areas of the forest that had significantly higher densities of
dead hollow-bearing trees than were generally available.
8.6   Roosting behaviour
Colony sizes of N. geoffroyi are typically small, with means of less than 10 individuals
in most studies (Table 8.1).  Females, especially when forming maternity colonies,
typically roosted in larger groups than did males (Table 8.1).  Males frequently
roosted singly, while a lower proportion of females (predominantly non-breeding
individuals) were solitary.  Similar patterns have been recorded for other tree-hole
roosting species (e.g. Tidemann and Flavel, 1987; Mattson et al., 1996; Law and
Anderson, 2000).  There are, however, exceptions to this general pattern.  Two roosts
found in the Strathbogie Ranges contained 28 and 41 individuals, respectively (N.
Schedvin, pers. comm.).  The individuals carrying transmitters in these roosts were
males, but the sex of other individuals was not known.  All females in the study by
Hosken (1996) roosted solitarily, however, this investigation was conducted during
autumn and winter, and colony sizes in maternity roosts were not available.  Colonies
that form in buildings are often larger than those in tree cavities: a mixed-sex colony
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of some 200 individuals was reported from a building in South Australia (Reardon and
Flavel, 1987).
Nyctophilus geoffroyi regularly shifts roost sites.  New roosts are often used on a daily
basis although some individuals may return to the same roost for up to 14 consecutive
days (Chapter 6).  The mean number of consecutive days in the same roost was
consistent between studies, ranging from 1.1 to 2.6 days (Table 8.1).  This pattern is
similar to many other species of bats that roost in tree cavities and under bark (Lewis,
1995; Kunz and Lumsden, 2003).  Maternity colonies of N. geoffroyi moved their
roost as frequently as did non-breeding colonies (Turbill, 1999; Chapter 6), which
contrasts with the findings for some other species (e.g. Kurta et al., 1996; Mattson et
al., 1996; Vonhof and Barclay, 1996).  For example, lactating females shifted roost
every 1.5 ± 0.7 days on average in the Barmah-Picola study in Northern Plains
(Chapter 6).  This involved the female returning to the roost after the first foraging
bout and carrying the young in flight to the subsequent roost.  As this species typically
has twins, this flight was usually undertaken twice.
When individuals move to a new roost it is usually to one close by (e.g. < 300 m,
Table 8.1).  In this respect, N. geoffroyi follows a pattern typical of many tree-hole
roosting bats, in being faithful to a roost area but moving roost sites within that area
on a regular basis (Kunz and Lumsden, 2003).  There was, however, some variation
between studies, based on the density of available roost sites.  In continuous forest of
the Strathbogie Ranges and Barmah forest, mean distances between successive roosts
were approximately 175 m.  However, where roosts were in remnant vegetation in a
matrix of cleared farmland, roost trees were on average more than 400 m apart.
8.7   Key factors influencing roosting ecology
Nyctophilus geoffroyi occurs in a wide variety of environments and occupies a broad
range of roost structures.  Despite this variation, several features of its roosting
ecology are consistent and specific across southern Australia.  Roosts are typically
under bark or in fissures in dead trees, and have a northerly or westerly orientation
with narrow entrance dimensions.
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The thermal condition of a bat’s environment has a major influence on energy
expenditure (McNab, 1982), with a range of species known to select roosts that have a
specific internal microclimate (e.g. Hall, 1982; Vonhof and Barclay, 1997; Kerth
et al., 2001b; Sedgeley, 2001).  In temperate regions of Australia, preferred roost
cavities are insulated against temperature extremes.  Roosts used by N. geoffroyi often
have a smaller range in temperature when compared with external ambient conditions,
with cooler temperatures during the day and warmer temperatures at night (Hosken,
1996; Turbill, 1999).
Males, non-breeding females and reproductive females are likely to have different
thermal requirements, and hence may select different roosts.  Maternity sites are often
warmer than roosts used during the non-breeding period, to enable rapid development
of the young before and after birth (McNab, 1982).  Adult males and non-reproductive
females may select cooler roost sites to facilitate entry into torpor, thus minimising
energy expenditure (Hamilton and Barclay, 1994; Hosken and Withers, 1999; Kerth
et al., 2001b).  Turbill (1999) found that lactating female N. geoffroyi entered torpor
on 75% of roost days monitored, while males at the same time of the year entered
torpor every day.  Females used shallower bouts of torpor with a mean skin
temperature of 21oC, compared to a skin temperature of 11oC for males in torpor.
Physical characteristics of the roost cavity and roost tree are likely to contribute to the
microclimate in roosts used by N. geoffroyi.  A north-facing orientation is more
protected from prevailing weather conditions and receives greater solar radiation,
contributing to warming of the roost and keeping it drier during rain events.  Large
trees and dead timber are likely to influence the degree of insulation of the roost and
hence the microclimate.  Tree trunks of smaller diameter (e.g. < 50 cm diameter) offer
less insulation against extreme temperatures than those of larger ones (e.g. > 70 cm
diameter; Sluiter et al., 1973; Alder, 1994).  The type of roost will also influence
thermal conditions within the cavity.  For example, Turbill (1999) reported a
significant difference in the amount of time that individual N. geoffroyi spent in torpor
in roosts under bark, in fissures and in hollows.  Bats that roosted under thin bark
aroused from torpor more frequently than did those roosting under thicker bark or in
hollows, which offered more insulation.
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The most consistent characteristic of roosts occupied by N. geoffroyi was the small
size of the entrance.  N. geoffroyi also appears to prefer internal cavities that are not
much larger than their body size.  If the size of the internal cavity is a critical
component in this species’ roosting ecology because of the microclimate that it
provides, then this is likely to influence entrance dimensions, because small internal
cavities are likely to have small entrances.  If, however, the size of the entrance is a
more critical component (to reduce the risk of predation and competition), this may be
a strong influence on other aspects of roost selection.  For example, roosts under bark
and in fissures are those most likely to have narrow entrances, with entrances to
spouts and holes often being larger.  In addition, exfoliating bark and fissures are more
likely to occur on dead, rather than live trees.
A narrow entrance to a roost is likely to reduce the risk of both predation and
competition (Tidemann and Flavel, 1987).  There is a range of other species in the
forests and woodlands of southern Australia which may compete for tree cavities,
such as possums, gliders, marsupial carnivores, other species of bats, cavity-nesting
birds and feral bees.  Most of these species would be excluded by an entrance
dimension of 2.5 cm width.  However, the frequency of shifts between roosts and the
use of many roosts by individual N. geoffroyi suggest that roosts may not be in such
short supply that competition is a strong influence.  Rather, the consistency of roost
dimensions across different study areas and its close match with body size may be a
response to the risk of predation.
Potential predators include cats, marsupial carnivores, owls and goannas (Lumsden
and Bennett, 1995b), most of which would be excluded by a narrow entrance
dimension of 2.5 cm.  Bats are especially vulnerable to predation from within the roost
when they are in torpor, or when non-volant young are left in the roost while adult
females forage.  There is also a risk of predation from diurnal and nocturnal birds as
bats exit their roost at dusk.  Shifting roost sites frequently has been suggested as a
strategy to reduce such predation, although a number of other factors such as social
interactions, reducing parasite loads, and gaining familiarity with a range of roost
microclimates may also influence this behaviour (Lewis, 1995).  N. geoffroyi shifted
roost site regularly in most studies, suggesting that this is a consistent feature of its
roosting ecology.  The low position of roosts used by N. geoffroyi may subject them to
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a greater risk of predation than species of bats that roost higher in the tree (Chapter 5).
However, there are no quantitative data on the frequency or intensity of predation on
N. geoffroyi to test this hypothesis.  Likewise, there are no empirical data to compare
the relative influence of predation risk versus other possible reasons for regularly
shifting roost.
Little is known of the social organisation and mating system of N. geoffroyi (Lumsden
and Bennett, 1995b).  However, aspects of roosting ecology such as colony size and
differences in colony size between sexes, and regular shifting of roosts are all likely to
be influenced by social organisation.  Most males appear to roost solitarily and this
occurs throughout the year, including during the mating season.  The mating system is
not known, but some form of polygyny (McCracken and Wilkinson, 2000) is most
likely.  Hosken (1998) inferred sperm competition within a captive colony of
N. geoffroyi, based on one male fathering all offspring despite each female mating
with both males present.
8.8   Further investigations
Even common and widespread species, such as N. geoffroyi, can show specificity in
their selection of roosts and in roosting behaviour.  Some characteristics of roosts are
consistently selected (e.g. entrance size, dead timber) while others vary depending on
what is locally available within the particular environment (e.g. height of roost).  A
preliminary study by Williams (2001) suggests that findings from temperate regions
may also be applicable in arid regions.  However, further studies are required from the
arid areas of central Australia and from the tropical north, to test the generality of the
trends reported here for N. geoffroyi, in different environments.  To determine the
relative importance of factors influencing roosting ecology, there is a need for
quantitative information on the microclimatic properties of roosts (and of cavities not
used as roosts), on the rate of predation of bats when in or leaving roosts, and on
social organisation and reproductive success within populations.
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Discussion
Dead trees are an important roosting resource for bats:
many of the trees in this photograph were used as roost sites
by Nyctophilus geoffroyi at Naring
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9.1   Synthesis of results and implications for the
conservation of bats in rural environments
Habitat loss, fragmentation and modification are major issues for the conservation of
all native fauna in agricultural regions, including insectivorous bats.  In this chapter,
results from this study are synthesised to highlight a number of points relevant to the
conservation of bats and the management of remnant vegetation in rural environments
(expanded from Lumsden and Bennett, 2000).  As the same, or similar, species of bats
occur throughout southern Australia, these points are also likely to be relevant to other
agricultural regions with similar land-use practices.
1.  Bats make an important contribution to mammal species diversity in rural
landscapes
Bats are an important component of native mammal assemblages in all regions of
Victoria, and throughout Australia (Menkhorst, 1995, 2001).  In extensively cleared
landscapes, such as the Northern Plains of Victoria, the contribution made by bats to
the overall assemblage is even greater than it is in more intact areas.  There are 13
species of insectivorous bats in the Northern Plains, which represents 39% of the
extant mammal faunal species.  At least six species of terrestrial mammals have gone
extinct in this region since European settlement, while there is no evidence of regional
extinctions for any species of bats (Bennett et al., 1998).  The conservation and habitat
requirements of bats, therefore, need to be considered in the management of rural
landscapes, on both private and public land.  However, the abundance and diversity of
bats is seldom recognised by land managers or landholders, due to their small size and
their nocturnal and cryptic behaviour.
2.   All types of remnant forest and woodland vegetation have value for bats
All types of remnant vegetation have value as roosting or foraging habitat for bats,
ranging from large blocks of remnant vegetation (> 200 ha), to smaller and more
isolated patches (< 5 ha), linear strips of woodland along roads and streams, and
scattered trees in farm paddocks.  The value of small remnants and scattered trees for
biodiversity conservation has often been overlooked, with greater emphasis placed on
larger remnants (Reid and Landsberg, 1999).  This study revealed that bats make
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extensive use of small remnants and scattered trees for both foraging and roosting.
All species used these resources for foraging, which is in marked contrast to other
faunal groups (e.g. arboreal marsupials, diurnal birds) for which typically only a sub-
set of the fauna is recorded in small remnants and among scattered trees (Law et al.,
2000; Fischer and Lindenmayer, 2002b).  Although single isolated trees or small
stands of sparsely scattered trees are unlikely to provide all the resources that an
individual bat requires, the mobility of bats enables them to traverse the rural
landscape and exploit multiple patches of such habitat.
For most species, foraging is centred on trees with little foraging undertaken in open
paddocks devoid of trees, except by the southern freetail bat Mormopterus sp. and
white-striped freetail bat Tadarida australis.  Thus, rural landscapes with a substantial
proportion of tree cover (e.g. > 20%) are predicted to support larger populations of
most species of bats than those almost entirely cleared of trees.  However, the
relationship between the amount of tree cover in rural landscapes of Australia and
overall population numbers of bats has yet to be quantified.
Bats appear to be less severely affected by changes in land use than some other
vertebrate groups such as birds, non-volant mammals and reptiles (Bennett et al.,
1998).  Small remnants and scattered trees in farmland have lower value as habitat for
some other species, because the area may be too small for even a single territory, too
small to sustain a population, subject to higher predation rates, or because land-use
practices such as grazing by stock have degraded the habitat (Major et al., 1999;
Watson et al., 2003).  There are a number of factors that contribute to bats being less
severely affected.  First, the scale of movement undertaken by bats allows them to
move widely through the landscape and obtain resources from multiple landscape
elements.  In this study, individual lesser long-eared bats Nyctophilus geoffroyi and
Gould’s wattled bats Chalinolobus gouldii regularly moved up to 12 km between roost
sites and foraging areas, which gave them ready access to a range of elements in the
landscape.  Second, they can fly across open farmland devoid of trees to access
isolated habitats, without the requirement for inter-connected strips of vegetation.
Third, their aerial foraging mode and elevated roosts mean that they are less affected
by habitat degradation at the ground level (e.g. from cultivation, grazing by stock,
weed invasion).  Lastly, their social organisation (e.g. colonial roosting habits,
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extensively overlapping foraging areas, high intra-specific tolerance) means that they
do not live in semi-exclusive territories or home ranges that impose a minimum
habitat area requirement for occurrence and result in low densities of individuals.
3.  Hollow-bearing trees are critical to provide roost sites for bats
Most of the roosts of N. geoffroyi and C. gouldii located during this study were in
trees.  Despite the general availability of anthropogenic structures, such as houses and
farm sheds, in the Naring and Picola farmland study areas, little use was made of these
as roost sites.  Of the 66 roosts of C. gouldii located in farmland during this study,
only one was in a building.  A greater proportion of N. geoffroyi roosts were in
artificial structures, and they were used more frequently by males than females (males
14%, n = 85 roosts; females 7%, n = 71 roosts).  Although the availability of potential
roosting opportunities in buildings was not assessed, the high usage of natural roost
sites, especially by C. gouldii and female N. geoffroyi, suggests that tree hollows are
preferred roosting locations where they are available.  Other studies of tree-hole
roosting bats have reached similar conclusions, that buildings are used primarily when
natural roost sites are limited (Brigham, 1991; Evelyn et al., 2004).
All C. gouldii roosts were in hollows, with no evidence of this species roosting under
bark.  In contrast, N. geoffroyi frequently roosted under bark, with 34% of all tree
roosts located in this study (where the entrance to the cavity could be determined, n =
159), under exfoliating bark.  However, this resource was used predominantly by
males (44% of all roosts, n = 70) and non-breeding females (42%, n = 48), with only
three maternity roosts (7%, n = 41) located under bark.  Hollow-bearing trees,
therefore, are a critical habitat requirement for C. gouldii and for breeding females of
N. geoffroyi.  They are also likely to be important for the other 11 species of
insectivorous bats in the Northern Plains, all of which are tree-hole roosting species
(Menkhorst, 1995).  Tree hollows are more common in large old trees (Bennett et al.,
1994).  However, large old trees are a scarce resource in the rural landscape of
northern Victoria (Bennett et al., 1994) and further loss of these trees from tree
clearing, dieback and natural senescence, will be detrimental to the conservation of
bats.  Little is known of the rate of loss of roosting habitat, although anecdotal
evidence suggests this may be high in the Northern Plains.  Within 6 months of
completing the field component of the study of roosting ecology at Naring, at least
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four roost trees (3%) had been lost: two were burnt down in an uncontrolled stubble
burn (Plate 9.1) and two were removed for firewood.  In addition, a nearby 3 ha block
of mature trees that contained many potential roost sites, was cleared and converted to
cropping land.  A re-examination of the 342 roost sites located in trees during this
study (at 5-year intervals for example), would provide valuable data on the rate of loss
of roosting habitat in rural landscapes.
Plate 9.1.  The remains of a tree that had been used as a roost site by Nyctophilus
geoffroyi before it was burnt down during an uncontrolled stubble burn.
Dead trees were used extensively as roost sites by both species studied.  N. geoffroyi
used them at a higher frequency than their availability in the landscape, with 69% of
all tree roosts in dead trees (Plate 9.2).  However, dead trees are often under-valued by
land managers and landholders.  In timber production areas, such as Barmah forest,
despite strict guidelines on the number of live hollow-bearing trees to be retained
during timber harvesting, management prescriptions indicate that standing dead trees
are to be retained at the discretion of the logging supervisor (DNRE, 1998).  Dead
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trees are not included under Victoria’s legislation for controlling tree clearance (i.e.
the Native Vegetation Retention controls under the Planning and Environment Act
1987) and in rural environments they continue to be removed for firewood or aesthetic
reasons, with little recognition of their importance to conservation.  A greater
awareness of the value of dead trees is required, both on public and privately-managed
land, and increased protection is needed in management prescriptions and legislation.
Plate 9.2. Landholders are often surprised at the value for biodiversity
conservation of decayed timber, such as this dead tree which was used as a roost
site by six Nyctophilus geoffroyi at Naring.
A number of behavioural traits of tree-hole roosting bats result in a requirement for
high densities of roost trees.  This may be an important issue in highly modified
environments with low availability of potential roosts.  As is typical of tree-hole
roosting bats elsewhere (Kunz and Lumsden, 2003), individuals of both N. geoffroyi
and C. gouldii roosted in small colonies and regularly moved between multiple roost
sites within a discrete roosting area.  The frequency of moving between roosts was
similar in the breeding and non-breeding seasons, and this may be particularly
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important during the breeding season when roost sites are more specialised and in
lower abundance.  Other species of mammals also use multiple nest sites (e.g.
Lindenmayer and Meggs, 1996; Lindenmayer et al., 1996; van der Ree et al., 2001),
although individuals tend to move between them less frequently than do bats.  In
contrast, many species of bird have a single breeding nest site (Gibbons and
Lindenmayer, 2002), and so do not have the same requirement for a high density of
potential nest sites.
4.  Patterns of roosting ecology are complex, even for common species
Although N. geoffroyi and C. gouldii are among the most widespread bats in Australia
(Churchill, 1998) and have in the past been considered ‘generalists’ in their roosting
ecology (e.g. Maddock and Tidemann, 1995), in this study both species displayed a
high level of discrimination for roosting habitat.  There were marked inter- and intra-
specific differences in the location of roosts in the landscape, in roost site selection,
roosting behaviour and how they responded to changes in roost availability.  This
indicates that roosting requirements are a complex and important issue in the
conservation of even the most common species of bats.  The large number of roosts
located in this study (376 roosts), enabled a high resolution of inter- and intra-specific
differences in the roosting requirements of these two species, which has not been so
evident in other studies with smaller sample sizes (e.g. Taylor and Savva, 1988).  It is
recommended that in future studies, sufficiently large sample sizes are collected to
enable the identification of inter- and intra-specific differences where they exist.
Based on this study it is possible to make some general conclusions about suitable
roosting habitat for bats, for example, the use of hollow-bearing trees.  However, there
is a clear need for detailed information on all species, for both males and females
before a comprehensive understanding of the roosting ecology of the entire bat
assemblage can be gained.  Information is needed for different environments, and in
different seasons to distinguish between the requirements of non-breeding and
breeding females.
5.  Timber harvesting prescriptions in production forests result in less than optimal
densities of hollow-bearing trees
In production forests, such as Barmah forest, timber harvesting and silvicultural
practices have reduced the availability of hollow-bearing trees (Bennett et al., 1994).
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In Barmah forest, roost sites of N. geoffroyi and C. gouldii were not uniformly
distributed, but were concentrated in stands with high densities of preferred roost
trees.  In contrast, the remnant blocks in farmland at Naring have not been logged and
retain abundant hollow-bearing trees.  Here, there was little selection for stands with
higher densities of hollow-bearing trees.  This suggests that the density of hollow-
bearing trees in remnant blocks at Naring was adequate while the overall density of
hollow-bearing trees in Barmah forest was less than optimal.  Harvesting prescriptions
in Victoria for forests dominated by E. camaldulensis (including Barmah forest),
provide for the retention of four live ‘habitat trees’ per ha with a preference (but not a
requirement) for those containing hollows (DNRE, 1998).  However, C. gouldii
selected areas of the forest that had more than 10 live hollow-bearing trees per ha, and
at Naring used areas with 27 live hollow-bearing trees per ha.  This suggests that in
areas subject to logging, current timber harvesting prescriptions are incompatible with
the provision of high quality roosting habitat for bats.
6.  Conservation of habitat for bats in rural landscapes requires a landscape-scale,
long-term approach
The mobility of bats and the spatial scale at which they use habitats means that
planning for conservation in rural areas needs to be undertaken at the landscape or
regional level.  In this study, individual bats regularly moved up to 12 km between
foraging and roosting areas, and the area encompassed by a population probably spans
tens of thousands of hectares.  This has a number of implications.  First, remnant
vegetation in rural environments occurs on both public and private land, and both are
important to bats.  Planning for conservation at a landscape scale requires integration
and co-operation across all land tenures.  Second, the long-term status of bats and
other wildlife is linked to region-wide changes in environmental quality.  Processes
such as rising saline groundwater and the paucity of tree regeneration on private land
have an impact on wildlife habitats and therefore the status of populations in the
region.  Third, the two key resource requirements of bats, roost sites and foraging
areas, may not be evenly distributed across the landscape and individual bats can
select different parts of the landscape for each requirement.  For example, in the
Barmah-Picola study many individuals that foraged in farmland remnants roosted in
Barmah forest.  To be effective, conservation measures need to identify and protect
both roosting and foraging resources.
Chapter 9 - Discussion
241
A long-term approach to the conservation of roosting resources of bats in rural
environments is also required.  The scarcity of hollow-bearing trees in the Northern
Plains highlights two issues for long-term conservation.  First, trees take many years
to develop suitable hollows.  Regenerating trees or those planted as part of
revegetation programs will typically take more than 100 years to produce hollows
(Gibbons and Lindenmayer, 2002).  Second, in many areas of remnant vegetation in
farmland where old trees are still present, grazing by stock has inhibited regeneration
of a new cohort of trees to replace these veterans when they die (Bennett et al., 1994).
It is, therefore, critical to protect all remaining trees with hollows now, so that they are
retained in the landscape for as long as possible.  It is also essential that adequate
measures are taken to ensure that regeneration provides replacement of hollow-
bearing trees in the future.  Where this can not be achieved through natural
regeneration (Plate 9.3), the restoration of cleared areas will be required (Yates and
Hobbs, 1997; Lunt and Bennett, 1999).
Plate 9.3.   Natural regeneration around trees in a farm paddock after the
removal of stock grazing.
Revegetation programs are currently being widely undertaken by individuals, groups
and Government agencies throughout rural areas of Australia.  In most instances
revegetation is undertaken for land protection purposes and planted areas are often
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small and isolated from existing natural vegetation, thus limiting their potential value
to many faunal species (Ryan, 1999).  Bats, because of their mobility, are potentially
able to use revegetated areas sooner than other vertebrate groups.  Such areas may
provide foraging habitat long before the trees have grown sufficiently to supply
roosting sites.  Studies examining the relationship between activity levels of bats and
the size, shape, plant species composition and landscape context of revegetated areas
could help design future programs to increase their value for biodiversity
conservation.  However, to fully determine the value of revegetated areas for bats it
will be necessary to examine whether the provision of new foraging habitat increases
the size of bat populations, or merely redistributes the existing individuals.  If roost
availability, not foraging habitat, is the factor limiting populations, it may be
necessary to also provide artificial roosting structures before revegetated areas can
play a useful role in increasing overall bat numbers.
7.  The ecological services provided by bats have a positive role in rural
environments
Although quantitative estimates of population sizes of bats have not been made, it is
apparent that large numbers of bats are present in many rural environments (Plate 9.4).
Foraging bats consume large quantities of invertebrates, eating up to half their body
mass per night (Hill and Smith, 1984), and, like insectivorous birds, are likely to
influence population sizes of invertebrates.  This role has potential benefits for the
health of trees, pastures, crops and revegetated areas in the rural environment.  For
example, in the Northern Plains, Mormopterus sp. (southern) feeds extensively on
Rutherglen Bugs Nysius vinitor (Order Hemiptera) (Lumsden and Wainer,
unpublished data), a serious pest for a range of agricultural crops (McDonald and
Farrow, 1988).  However, compared with birds for which the role of ‘natural pest
controller’ is well recognised (Loyn et al., 1983; Ford, 1985; Landsberg et al., 1990;
Reid and Landsberg, 1999), the role that bats may play in regulating insect numbers is
rarely mentioned.  Bats may have an especially important role around scattered trees
in paddocks because these are used extensively as foraging sites for bats but less
frequently by woodland-dependent insectivorous birds (Lumsden and Bennett, 2000).
Further studies are required to fully elucidate the diet of bat species, including inter-
and intra-specific differences, spatial and temporal patterns, and the extent to which
they may regulate invertebrate numbers.  Genetic techniques are now available that
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enable the identification to species level of insect fragments in faecal pellets
(McCracken, 1996), and this approach could be used to determine the extent to which
agricultural pests are consumed.
Plate 9.4.  Large numbers of bats are present in some rural environments.  For
example, 143 bats were trapped in one night in a harp trap (in the centre of the
photograph) set in this roadside vegetation at Picola.  Over 600 individual bats were
trapped in this 2 km strip of vegetation during a 2 week period.
8.  Bats can be successfully used to promote the conservation of remnant vegetation
Bats can be successfully used as a focus for extension activities to promote the
importance of remnant vegetation in rural environments.  Bats are poorly known
within the general community and, being nocturnal, are seldom seen by landholders.
However, most people find them fascinating when they have the opportunity to learn
more about them and see them close-up.  Microchiropteran bats can be portrayed as
having a beneficial role in the rural environment because they feed on insects, and
they are rarely viewed as having negative impacts (e.g. in contrast to flying-foxes).
For many years I have presented numerous talks on bats to landholders, land
managers, community groups, university students and school groups, incorporating
information on the conservation of bats in rural landscapes.  During the last three
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years I have given talks to 30 community groups, run 29 courses/field days, presented
11 seminars to research institutes (primarily agricultural based), 11 guest lectures to
university students, and conducted three radio interviews.
In addition, I produced an information sheet on the value of scattered paddock trees
for bats resulting from the study presented in Chapters 2 and 3 (Appendix II).  To date
approximately 5,000 copies of this information sheet have been distributed throughout
Victoria to departmental management and planning staff, extension officers, LandCare
groups and landholders.  It has also been placed on several websites.  The feedback
has been very positive, and interest has been shown from NSW and Queensland to
distribute it more widely.  It has recently been included in ‘Woodland Wanderings’, a
magazine produced by the NSW National Parks and Wildlife Service, at Quenbeyan
(distributed to 2000 landholders), and ‘Landchat’, the newsletter of the Southern New
England Landcare Coordinating Committee, Armidale (600 copies).  Informing land
managers and decision makers about the benefits of bats enhances the awareness of
this faunal group in the community and provides further sound reasons for valuing
remnant vegetation on farm properties.  I believe strongly that for scientific research
to be effective, it is essential that it is disseminated to the general community as well
as to the scientific audience.
9.  Although bats appear to have adapted to rural landscapes we can not be
complacent regarding their long-term future
It has been suggested (e.g. Maddock and Tidemann, 1995) that bat species that can
survive in rural landscapes may have actually benefited from the gross modification to
their environment.  However, results from this study suggest that while bats have
adapted to rural landscapes better than some other faunal groups, they are likely to
have suffered major population declines due to the clearing of over 90% of the native
vegetation on which they depend.  In addition, these landscapes may not have yet
reached an equilibrium in the number of species that have disappeared as a result of
this extensive clearing.  The relationship between habitat loss and species decline is
not linear, and for woodland birds there is a time-lag between the loss of habitat and
the occurrence of local extinctions (Loyn, 1987; Bennett and Ford, 1997; Watson et
al., 2003).  The possibility of a threshold response by bats to loss of vegetation cover
and a time-lag effect of land-use change requires investigation.  This is especially
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important since mature trees continue to be lost from the rural landscape, despite
controls on the clearing of native vegetation and an increased awareness of the value
of the small amount that remains.  Another factor that will impinge on the long-term
conservation of bats and other fauna in rural landscapes, is the predicted gap between
the time when veteran trees in farm paddocks die and fall and when the recently
planted trees are old enough to provide hollows for new roost sites. This gap is likely
to occur within several decades.
We now have a greater understanding of processes occurring at the patch scale in this
highly cleared rural landscape (e.g. foraging, roost selection, location of roosts);
however, there is now a need to focus on the landscape scale.  Information is required
on the density and demographic structure of bat populations, and on reproductive
success, survival rates and social organisation in these species.  Knowledge of these
aspects is essential if we are to understand the processes that determine whether
populations in rural landscapes are viable in the longer term.  For example, we need to
know whether remnants in farmland may be acting as a ‘sink’, with larger stands of
vegetation (such as along the river systems) acting as population ‘sources’.  Source-
sink metapopulations have been demonstrated for a range of bird species (e.g. Foppen
et al., 2000; With and King, 2001; Luck, 2002), but this has yet to be explored for bat
populations.
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Appendix I
The AnaScheme key developed to identify
unknown Anabat calls for the study on the value
of scattered trees (Chapter 3)
As part of this study, several months of work were involved, in conjunction with Matt
Gibson from Ballarat University, in refining the AnaScheme program and developing a
key specifically for the Northern Plains region.  This key is reproduced below.  The
development of this program has the potential to revolutionise the analysis of Anabat
calls in Australia.  Prior to the development of AnaScheme the analysis of calls was
undertaken manually, which is extremely time consuming when a large number of calls
are collected.  AnaScheme has two main advantages over manual identifications.  First
is the huge time saving.  Approximately 250 calls per minute can be identified, which
means that a large number of calls can be processed very quickly.  For example, once
the key had been tested and refined, the 30,000 calls that were collected during the
study on scattered trees were identified in only two days, compared to an estimated four
to five months to do this manually.  The other significant advantage is that it is
consistent and objective in its analysis, factors that can be lacking in manual
identifications.
AnaScheme key for the Northern Plains of Victoria.
if model_frequency < 8:
return 'Unknown - freq < 8 khz'
if model_frequency < 16 and maximum_frequency < 23:
return 'Tadarida australis'
if within(model_frequency, 18, 24.5) and duration < 15 and model_slope < 1.2 and
within(model_start_slope, -2.1, -0.25):
return 'Saccolaimus flaviventris'
if within(model_frequency, 16, 24.5) and duration > 15:
return 'possible social call'
if within(model_frequency, 24.6, 27.5) and maximum_frequency < 45:
return 'Mormopterus sp. southern'
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if within(model_frequency, 27.6, 30.6):
if model_curvature < 2.3 and maximum_frequency < 45 and
average_time_between_pulses > 66:
return 'Mormopterus sp. southern'
if model_curvature > 3.7:
return 'Chalinolobus gouldii'
if within(model_curvature, 2.3, 3.7):
if average_time_between_pulses < 70:
return 'Chalinolobus gouldii'
else:
return 'Chalinolobus gouldii/Mormopterus sp. southern'
if within(model_frequency, 30.61, 31.30):
if model_curvature > 3.9:
return 'Chalinolobus gouldii'
if model_curvature < 3.9:
if model_start_slope < -6.5:
return 'Mormopterus sp. southern'
if model_start_slope > -0.75:
return 'Mormopterus sp. eastern'
if within(model_frequency, 31.31, 38.0):
if model_curvature < 2.3:
if model_start_slope > -2.0:
return 'Mormopterus sp. eastern'
if model_start_slope < -3.0:
return 'Nyctophilus sp.'
if within(model_frequency, 31.31, 33.6) and model_curvature > 2.3 and
model_start_slope > -1.2:
return 'Mormopterus sp. eastern'
if within(model_frequency, 33.61, 38.0):
if model_curvature > 2.3:
if model_start_slope > -2.0:
return 'Mormopterus sp. eastern'
if model_start_slope < -2.0 and within(model_end_slope, -1.2, -0.2):
return 'Scotorepens balstoni'
if within(model_frequency, 24.6, 38.0):
root1=(duration*0.1970-model_curvature*0.2573 +minimum_frequency*0.2504
-maximum_frequency*0.1718 +model_average_frequency*0.1878
+model_end_slope*1.8965 +model_slope*1.9068 -model_start_slope*0.0702
-end_frequency*0.1574 -model_frequency*0.4068 +start_frequency*0.0555) +8.5809
root2=(duration*0.3525 -model_curvature*0.4913 -minimum_frequency*0.1033
-maximum_frequency*0.1662 -model_average_frequency*0.3941
+model_end_slope*1.0929 +model_slope*0.7169 -model_start_slope*0.1729
+end_frequency*0.0476 +model_frequency*1.1216 +start_frequency*0.1353) -19.8438
if within (root1, 1.8, 4.2) and within (root2, -3.5, -1.5):
return 'Mormopterus sp. southern'
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if within (root1, 3.3, 4.2) and within (root2, -1.4, -0.6):
return 'Mormopterus sp. southern'
if within (root1, -0.6, 2.2) and within (root2, 1.5, 5):
return 'Mormopterus sp. eastern'
if within (root1, 2.1, 3) and within (root2, 2.5, 5.0):
return 'Mormopterus sp. eastern'
if within (root1, 0.4, 2.2) and within (root2, -1.2, 0.6):   
return 'Chalinolobus gouldii'
if within (root1, -5, -2.2) and within (root2, -5, 6):
return 'Scotorepens balstoni'
if within (root1, -2.1, 0.3) and within (root2, -1.1, 1.4):
return 'Scotorepens balstoni/Chalinolobus gouldii'
if within(model_frequency, 38.1, 44.9) and model_curvature < 2.5 and
model_start_slope < -3.7:
return 'Nyctophilus sp.'
if within(model_frequency, 38.1, 42.9):
if duration > 5.25:
if maximum_frequency < 66:
return 'Vespadelus darlingtoni'
if duration < 5.25:
if model_curvature < 2.9:
return 'Vespadelus darlingtoni'
if model_curvature > 3.3:
return 'Vespadelus vulturnus'
if within(model_frequency, 43.0, 44.9):
if duration > 5.6:
return 'Vespadelus darlingtoni'
if duration < 5.6 and model_start_slope < -4.0 and minimum_frequency > 44.1:
return 'Vespadelus vulturnus'
if within(model_frequency, 45.0, 47.9):
if model_end_slope < -4.0:
return 'Nyctophilus sp.'
if duration < 4.0:
if abs(model_start_slope / model_end_slope > 13.0):
return 'Vespadelus vulturnus'
if abs(end_frequency - minimum_frequency > 0):
return 'Vespadelus vulturnus'
if maximum_frequency > 62.0:
return 'Vespadelus vulturnus'
if duration > 4.0 and model_end_slope > -0.25 and within(end_frequency, 45.7,
47.0):
return 'Vespadelus vulturnus'
if within(model_frequency, 48.0, 49.9):
if abs(end_frequency - minimum_frequency > 0):
return 'Vespadelus vulturnus'
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if model_start_slope > -4.0:
return 'Chalinolobus morio'
if model_start_slope < -4.0:
if duration > 3.6:
return 'Chalinolobus morio'
if duration < 3.3:
return 'Vespadelus vulturnus'
if within(model_frequency, 50.0, 51.9):
if model_curvature > 3.3:
return 'Chalinolobus morio'
if model_curvature < 3.3:
if model_start_slope < -11.0:
return 'Vespadelus vulturnus'
if model_average_frequency < 54.5:
return 'Chalinolobus morio'
if within(model_frequency, 52.0, 55.1):
if model_slope > 1.00:
return 'Vespadelus regulus NP form'
if model_slope < 1.00:
if model_average_frequency > 59.0:
return 'Vespadelus regulus NP form'
if model_average_frequency < 59.0 and duration > 4.8:
return 'Vespadelus regulus NP form'
if within(model_frequency, 55.1, 58):
return 'Vespadelus regulus NP form'
if within(model_frequency, 38, 60):
root1=(model_curvature*0.1999 -duration*0.3422 -start_frequency*0.0701
+minimum_frequency*0.0499 -model_average_frequency*0.3501
-model_frequency*0.3924 +model_end_slope*0.2580 -model_slope*0.1561
-model_start_slope*0.3570) +38.0280
root2=(model_curvature*0.6534 -duration*1.2874
-start_frequency*0.1316 -minimum_frequency*0.1006
+model_average_frequency*0.8954 -model_frequency*0.7390
+model_end_slope*1.8463 +model_slope*0.8176 -model_start_slope*0.0559) +6.8348
if within (root1, -9, -5.1) and within (root2, -4, 4):
return 'Vespadelus regulus NP form'
if within (root1, -5.0, -3.7) and within (root2, -4, -1):
return 'Vespadelus regulus NP form'
if within (root1, -5.0, -1.0) and within (root2, 2, 4):
return 'Vespadelus regulus NP form'
if within (root1, -3.6, -2) and within (root2, -4, -1.2):
return 'Chalinolobus morio'
if within (root1, -1.9, -0.2) and within (root2, -3, 1.8):
return 'Chalinolobus morio'
if within (root1, -0.1, 0.5) and within (root2, -3, 0):
return 'Chalinolobus morio'
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if within (root1, 0.4, 1.9) and within (root2, 1, 4):
return 'Vespadelus vulturnus'
if within (root1, 2.5, 4.3) and within (root2, 1.5, 5):
return 'Vespadelus vulturnus'
if within (root1, 4.4, 7) and within (root2, 2, 5):
return 'Vespadelus vulturnus'
if within (root1, 5, 9) and within (root2, -0.2, 2):
return 'Vespadelus vulturnus'
if within (root1, 1, 3.1) and within (root2, -4.5, -2.5):
return 'Vespadelus darlingtoni'
if within (root1, 3.2, 7) and within (root2, -4.5, -0.5):   
return 'Vespadelus darlingtoni'
if within (root1, -5.0, -2.0) and within (root2, -0.9, 1.9):
return 'Chalinolobus morio/Vespadelus regulus NP form'
if within (root1, 0.7, 3.1) and within (root2, -2.4, 0.9):
return 'Vespadelus vulturnus/V. darlingtoni'
if within (root1, 3.2, 4.9) and within (root2, -0.4, 1.4):
return 'Vespadelus vulturnus/V. darlingtoni'
return 'Unknown'
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Appendix II
Information sheet on the value of paddock trees
for insectivorous bats
The following information sheet was produced during this study to highlight the value
of scattered paddock trees to insectivorous bats.  It has been widely distributed within
Victoria to staff from the Department of Sustainability and Environment, Department of
Primary Industries, Catchment Management Authorities, extension officers, Landcare
organisations and landholders.  The information sheet was produced as an A3 sheet,
folded to A4.  The four pages are reproduced here, reduced in size to conform to the
thesis format.
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The End
